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THE ESSENCE OF HEREDITY 


In all textbooks and manuals on genetics he- 
redity is usually taken to mean anlv the reproduc- 
tion by living organisms of beings similar to 
themselves. Such a definition, in my opinion, con- 
tributes little to an understanding of the phenom- 
enon of heredity. From time immemorial people 
have known that from wheat seeds you get wheat, 
from millet, millet. etc. This makes if possible for 
practical farming to propagate a particular spe- 
cies or variety of plant, or animal breed. No decp- 
er conception of the phenomenon of heredity can 
be derived from the above definition. 

Exponents of modern genetics (the science 
which studies the phenomena of heredity), who 
take as their premise the definition that heredity 
is only the reproduction of likes by organisms, 
have been studying heredity by ways and means 
which do not permit the investigator to find out 
anything about the essence of the heredity of any 
particular living body. What they study is not the 
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phenomenon of heredity but the ultimate differ- 
ences between organisms that differ in heredity. 

The method employed in genetics to study he- 
redity is to take two breeds, two organisms known 
to differ in heredity and to blend them by cross- 
breeding. There are those who want to find out 
things about the heredity of organisms they are 
investigating or the heredity of their characters 
from the diversity of the progeny obtained. All 
one can find out in this way is how many oif- 
spring resemble the one parent or the other. But 
one cannot determine, from the data furnished by 
such experiments, what the essence of the heredity 
of either parent consists in. 

Our definition of the phenomenon of heredity 
differs from that which has hitherto been accepted 
in genetics. By heredity we mean the property of 
a living body 1o require definite conditions for iis 
life and development and to respond in a definite 
way to various conditions. By heredity we mean 
the nature of the living body. We are therefore of 
the opinion that “ihe nature of the living body” 
and ‘‘the heredity of the living body” are about the 
same thing. For example, why do wheat plants 
differ from rice plants? Because these plants dif- 
fer in their natures. Similarly it may be said that 
wheat differs from rice because wheat has a dif- 
ferent heredity from that of rice. To study the 
. heredity of an organism means to study its nature. 
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The nature of a living body differs in princi- 
ple from the nature of a nonliving body. The more 
a nonliving body is isolated from the action of or 
interaction with environmental conditions, the 
longer it will refnain what it is. A living body, on 
the other hand, absolutely requires definite envi- 
ronmental conditions in order to be alive. If a liv- 
ing body is isolated from the external conditions 
it requires, it ceases to be alive, ceases to be what 
it is. Precisely herein lies the difference in prin- 
ciple between a living and a nonliving body. 

Different living bodies require different envi- 
ronmental conditions. We therefore know that they 
differ in nature, in heredity. Knowledge of the 
conditions required by a living body and of 
its responses to the operation of various condi- 
tions means knowledge of hereditary properties of 
that body. Consequently, fo ascertain the environ- 
mental conditions required by a living body (or- 
ganism) for the development of particular char- 
acters or properties is tantamount to studying 
the nature, t.e., the heredity of these particular 
characters or properties. 

A study of the heredity (nature) of a given 
living body does not require the crossing of that 
plant or animal with one possessing another he- 
redity. The real purpose oi studying heredity is to 
determine the relation of an organism of a given 
nature to its environmental conditions. But after 
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crossing, the offspring obtained do not possess 
the nature that it is desired to study. When study- 
ing heredity various crosses are needed only when 
one wants to determine the potency, or stability, 
of one heredity in comparison with another or 
others. 

A knowledge of the natural requirements and 
relation of an organism to environmental condi- 
tions makes it possible to govern the life and de- 
velopment of this organism. More. Such knowl- 
edge may serve as the basis for changing the 
heredity of organisms in a definite direction. 

To take heredity to mean—as has been done 
hitherto in genetics—only the reproduction of 
likes, without going into a study of the ways and 
the material (conditions) from which the body 
reproduces itself is tantamount to barring one’s 
own way to mastering this important and intcrest- 
ing phenomenon of living nature. 

It has been pointed out above that according 
to the line formerly followed in genetics, in order 
to study the heredity of a given character one 
must take a plant possessing this character and 
another plant absolutely different in nature, 
in hereditv, from the given character. After 
crossing them the offspring of these two parents 
are examined to determine how many descendant 
plants have the character peculiar to the one par- 
ent and how many have the character observed 
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in the other. Such a study, however, will uot show 
in what the heredity of either of the parents 
taken for the investigation consists. 

The difference between our approach to the 
study of heredity and the methods of the Mendel- 
ist-Morganist geneticists can be illustrated by the 
following example. The property of winter or 
spring habit is doubtlessly inheritable. In their 
repeated studies of the heredity of these proper- 
tics the geneticists took plants of the winter varie- 
ty and crossed them with plants of the spring va- 
riety. They then determined in the offspring how 
many winter planis, i.e., plants similar, as re- 
gards this character, to the one parent, were ob- 
tained, and how many spring plants, i.e., plants 
similar to the other parent. In some experiments 
they arrived at the conclusion that the hereditary 
properties of the winter habit differ from the he- 
reditary properties of the spring habit in 1, 2, 3, 
etc., genes, granules of some unknown substance 
of the living body presumably contained in the 
chromosomes of cells of the winter or spring 
plants. However, what the essence itself, i.e., the 
nature of the winter or spring property of cereals, 
consists in, how to control the development of 
these properties, does not appear at all from the 
above study. But if the heredity of an organism 
or of separate properties or characters of it is 
characterized by the environmental conditions re- 
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quired for the development of these properties 
and characters, there is revealed to us the essen- 
tial nature of the given properties or characters. 

Thus, on studying the causes of the failure of 
winter cereals to ear when sown irf spring we as- 
certained that one of the processes of develop- 
ment of winter plants now called the stage of ver- 
nalization requires, in addition to the food, mois- 
ture and air existing in the fields in spring, a rel- 
atively lengthy period of tinie of low tempcrature, 
Q0-10°C. above zero. The absence of a Iengthy 
period of low temperature in the fields in spring 
is the very reason why ithe process of vernaliza- 
tion fails to take place, and hence why all further 
development is retarded, why there is no earing 
and fruiting. 

With the discovery of the nature of the vernal- 
ization stage it has becoine possible to compel 
any winter grain sown in spring to ear and bear 
fruit. For that purpose properly moistened seeds 
are kept in the field before sowing for a defl- 
nite time under relativcly low temperatures (ver- 
nalization). Thus the inherited requirements for 
transition (development) through the indicated 
process are Satisfied. Aiter its completion at the 
growing point of the young plant or in the embryo 
in the seed all further inherited requirements are 
satisfied by the existing field conditions when 
such seeds are sown in the field in spring and de- 
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velopment continues normally until it is complet- 
ed, i.e, until the plants ripen. This is the kind of 
study we engage in to determine the essence of 
the heredity of the winter habit. 

Upon studying a considerable assortment it 
appeared that some varieties of bread grains pos- 
sess greater winter habit, i.e., require a longer 
period of low temperatures, while others possess 
less winter habit, require a shorter period of law 
temperatures. Varieties that, according to their 
nature, can undergo the process of vernalization 
under the usual spring and summer conditions 
are called spring varielies in practical farm- 
ing. 

We, on studying heredity, ascertain the con- 
ditions of life, the conditions of development, re- 
quired by the organism or by separate processes, 
and also the relation of the organism or separate 
processes of it to various environmental condi- 
tions. We thus arrive at a comprehension of the 
esserice of heredity. The geneticists, on the other 
hand, do not study the essence of heredity. All 
they find out is how many offspring resemble the 
one parent with regard to a particular character 
and how many the other. 

It is well known that a living body builds it- 
self from the conditions of its environment, from 
its food in the broad sense of the word. It is like- 
wise well known that the embryos of different 
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breeds, for instance, of particular varieties ot 
plants living in the same environment, build 
their bodies differently; hence different organisms 
are obtained. : 

Each organism develops, builds its body, ac- 
cording to its nature, its heredity. For example, 
you can feed a calf and a lamb the same hay. But 
while they assimilate the same hay, the lamb, 
following its nature, will develop and grow into 
a sheep and the calf into acow. Everybody knows 
that not only do shcep and cows differ sharply as 
organisms but also that the quality and proper- 
ties of mutton and becf differ in many respects, 
though both types of flesh are derived from the 
same fodder, in the case stated, from the same 
hay. 

Such examples go to prove that every living 
body builds itself from the environmental condi- 
tions in its own fashion and in accordance with 
its own nature, its own heredity. 

One can also readily nolice—and people knew 
this long ago—that as a rule each generation of 
plants or animals develops in many respecis like 
its ancestors, especially its nearest ones. This ac- 
counts for the definition accepted by genetics 
that heredity is the property of reproducing 
beings similar to oneself. But reproduction of 
likes is a characteristic trait common to all 
living bodies. Hence the mere statement of the 
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above-mentioned common property of living bod- 
ies, a property long known to all, cannot char- 
acterize to any extent the concrete heredity of 
a given living body. A study of concrete hered- 
ity requires that one follow the course of devel- 
opment of the organism possessing the given he- 
redity, and determine the conditions necessary 
for its development as well as the reaction of the 
organism to the influence of its environment. 

It is not only the organism as a whole that 
can reproduce bodies similar to itself. Every cell 
of the organism, every granule of a living body 
can reproduce its likes. For example, a cell of a 
young stem will reproduce stem cells, a cell of a 
leaf will reproduce leaf cells, a cell of a rootlet 
will reproduce roollet cells. Every organism 
grows by its various cells reproducing cells sim- 
ilar to themselves. 


THE ESSENCE OF VARIABILITY. 
GROWTH AND DEVELOPMENT 


While it is known that an organism and also 
its individual cells and the various particles of 
them reproduce bodies similar to themselves, 
one must not forget another aspect of this proper- 
ty of the living body, namely, that the organism 
as a whole as well as the separate parts of its 
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body reproduce, in some measure or other, bod- 
ies dissimilar to themselves. For instance, an egg 
or a zygote, after a definite interval of time and 
under suitable conditions, reproduces many thiou- 
sands and even millions of cells wholly dissim- 
ilar to the first, original cell, i.e, the zygote 
from which they sprang. The case of a bit of be- 
gonia leaf developing into a full-grown plant 
may also be instanced. Here begonia leai cells 
reproduce root and stem cells, ie., cells unlike 
those from which they originate. 

Consequently, although it is characteristic of 
the nature of a living body to reproduce bodies 
similar to itself, yet simultaneously cells and in- 
dividual differences that enter into the contents of 
cells are capable, in various measure or degree, 
of reproducing also bodies dissimilar to them- 
selves, 

The ability of the separate cells of an organ- 
ism to reproduce not only likes but also unlikes 
has never been questioned in science. What has 
been disputed, and for centuries at that, was the 
fact that an organism as such can reproduce or- 
ganisms not only similar to itself but also differ- 
ing from itself. The point involved 1s the varia- 
bility or invariability of the nature of living 
beings. 

When Darwinism made its appearance short 
shrift was given to the unchangeability of living 
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nature. Today no scientist of reputation anywhere 
on earth will assert that living nature has not 
changed. The variability of living nature and the 
possibility that it may change are admitted. But 
up to now the gauses of changes in the nature of 
organisms and the concrete ways in which these 
changes take place are not sufficiently known to 
science to make it possible to alter the heredity of 
an organisin at will in any definite direction. 
Therefore modern genetics, while abstractly rec- 
ognizing that living nature is variable, in practice 
conducts its investigations, makes its deductions 
and draws its conclusions from them on the as- 
sumption that the heredity of an organism cannot 
be changed by the conditions of its life. Such a 
science therefore maintains that it is impossible 
for the conditions of life to intluence the variabil- 
ity of the nature of plants and animals in a de- 
sired direction. 

Our Soviet science, the Michurin trend in sci- 
ence, gives a clear understanding of the way to 
change the nature of an organism. 

Our conception of the phenomena of heredity, 
the changes in these phenomena and the regu- 
lation of heredity is based on the following 
premise: 

Every living body builds itself out of nonliv- 
ing material, in otner words, out of food, out of 
the environmental conditions. The organism picks 
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from the environment the conditions it needs; but 
this choosing of conditions is dependent upon the 
heredity of the given organism. Whenever an or- 
ganism finds in its environment the conditions 
which it needs and which are suitable to its na- 
ture, its development proceeds in the same way as 
it proceeded in previous generations of the same 
breed (of the same heredity). When, however, 
organisms do not find the conditions they require 
and are forced to assimilate environmental 
conditions which, in one degree or another, 
do not accord with their nature, organisms 
or parts of their bodics result which are 
more or less diflerent from the preceding genera- 
tion. 

If the altered part of the body is the starting 
point for a new generation, the latter will dif- 
fer from the preceding generations in its require- 
ments and nature. From the biological point of 
view we can find out the difference between these 
generations. It will consist of a difference in the 
requirement of environmental conditions. The par- 
ticular conditions were unsuitable for the preced- 
ing generation and the body assimilated them of 
necessity, perforce, as it were. But if it imbibed 
them, assimilated them, a body with new proper- 
ties, with a new nature, was obtained. These con- 
ditions will now be requisite for it. Thus the 
cause of change in the nature of a living body is 
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a change in the type of assimilation, in the type 
of metabolism. 

Being included in, assimilated by, the living 
body the external conditions cease to be external 
and become intérnal conditions, i.e., they become 
particles of the living body, and their growth and 
development now require the food, the environ- 
mental conditions that they were themselves in 
the past. The living body is composed, in a way, 
of separate environmental elements which have 
become converted into elements of the living 
body. The growth of the separate parts and gran- 
ules of the living body requires the same envi- 
ronmental conditions by means of the assimilation 
of which the organism originally built these parts 
and granules of its body. Thus, by regulating the 
conditions of life, new environmental conditions 
may be included in, or this or that element ex- 
pelled from, a living body. 

Whether separate elements are included or 
have been excluded from a living body may he 
judged by the environmental conditions it re- 
quires for its growth and development. For in- 
stance, the process of vernalization of spring cere- 
als does not require low thermal conditions. The 
vernalization of spring grains proceeds easily at 
the usual spring and summer temperatures in the 
fields. If spring cereals are vernalized for a long 
period under low thermal conditions one may not 
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infrequently observe that one or two generations 
later the spring habit of the wheat will change 
to winter habit. And, as everyone knows, winter 
grains cannot undergo vernalization without low 
temperatures. We show by this example in what 
way new external conditions were included in the 
nature of the living body, and that thereby the 
progeny of the given plants acquired a new fre- 
quirement, the requirement of low thermal con- 
ditions for vernalization. 

Changes in requirements, i.e., in the heredity 
of aliving body, are always adequate to the action 
of the environmental conditions, if these condi- 
tions have been assimilated by the living body. 

As was remarked above, the different elements 
of an organism, its organs, cells and separate 
parts in cells, possess the property of reproducing 
themselves. For example, we know that if in leaf 
cells the plastids from which chlorophyll grains 
develop disintegrate for some reason or other, 
then all cells which come from the cells that lost 
their plastids will be albinos, i.e, white, not 
green. In the case stated the chlorophyll grains 
will not reproduce themselves, there will be 
nothing to do the reproducing. 

Each molecule and atom of a living body, if 
one may put it that way, reproduces itself at cer- 
tain moments. But all these different molecules 
and cells in the organism are obtained froim 
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zygotes by reproduction of bodies thai are nol 
similar but dissimilar to themselves, by differ- 
entiation, t.e., development. 

From the initial cell (the zygote) we obtain a 
group of cells which are unlike the cell we start- 
ed with. There are no plastids (and other things 
besides plastids) in the initial cell (the zygote) 
of the plant; they appear in the cells obtained 
from the zygote. In cell multiplication the plastids 
and all other separate parts reproduce themselves, 
so to say. Consequently, the reproduction of likes 
is only one of the properties of the living body. 
Another of its properties is the reproduction of 
unlikes. 

The direct reproduction of likes by each cell 
and each molecule of the living body we call 
growth of the body. For instance, leaf cells repro- 
duce likes, and as a result the leaf gets bigger, or 
erows, as they say. By the growth of a body we 
mean increment of weight and volume. 

The reproduction of like by like may, however, 
come about not only by means of growth but also 
hy means of development. 

The reproduction of likes, not directly but 
through a long chain of conversions of unlikes, 
until beings similar io the initial one are ob- 
tained we call development. There is a qualitative 
distinction between these two means of repro- 
ducing likes. 
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To exemplify the first means of reproducing 
likes let us point out the following. The cell of 
a leaf grows and develops, then divides in two; 
instead of the one we have two but both remain 
leaf cells. The leaf increases in Size, i.e., grows. 
This process is what we call growth. Another 
example might be given, that of a leaf and, of 
course, of its cells also reproducing bodies similar 
to themselves, but in a different way—through a 
chain of conversions. By means of grafting Com- 
rade A. A. Avakian substituted for the ordinary, 
dissected leaves of tomatoes of the Albino variety 
leaves of another tomato variety which resem- 
bled potato leaves, i.e., pinnate in shape. Seeds 
were taken from a Iruit that had developed on a 
twig of the Albino variety. This variety, as has 
been stated, has dissected leaves, in accordance 
with its nature. After these seeds were sown in 
the summer of 1941 at the experimental base of 
the Lenin Academy of Agricultural Sciences of the 
U.S.S.R. at Gorki Leninskiye, quite a few plants 
were obtained whose leaves were not dissected, 
but like those of the potato plant. The question 
may be asked why, despite the fact that it is in the 
nature of the Albino variety to have dissected 
leaves, some of its offspring happened to have 
nondissected leaves, leaves resembling those o} 
the potato plant. The reason is that the plant from 
which the seeds were taken had leaves like those 
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of the potato plant which had been substituted for 
the dissected ones by means of grafting. It was 
they that had reproduced themselves in the prog- 
eny. 
Substances ’elaborated in the leaves united 
with substances of the neighbouring cells, were 
modified, were converted, developed. From these 
cells altered substances united with substances 
of other cells and altered still more. In this man- 
ner the conversion went further and further away 
from the leaf cells until it became a component 
element of the embryo. In this way, we believe, 
the hereditary basis of each organ, o} each char- 
acler, of each property of the organism repro- 
duces itself for generations. 


INDIVIDUAL DEVELOPMENT 
OF THE ORGANISM 


The development of an organism, like its 
growth, proceeds by means of conversion, of me- 
tabolism. The sex cells, buds or eyes from which 
usually entire organisms develop are, as a rule, 
the product of the development of the whole or- 
ganism which gave rise to the particular initial 
bases for the new organisms. They arise and build 
themselves out of molecules, granules of sub- 
stances—transformed many times (but in accord- 
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ance with natural law)—of various organs and 
body parts of the organism. Theretore all the for- 
mer properties of the plant that produced the sex 
cells or, for example, the eyes of potato tubers are 
accumulated, as it were, in thesé cells or eyes. 
Hence the initial cells also express to a greater 
or smaller extent the tendency of the future prop- 
erties of the organism. 

In development from a fertilized sex cell, i.e., 
from a zygote, the changes and conversions are, 
as it were, a repetition of the path traversed by 
the ancestors, particularly the nearest ones. The 
process which in the preceding organism went on 
at the very beginning will be the initial process 
also in the new generation; the process following 
the first one will be the next also in the offspring, 
etc. Figuratively speaking, the development olf 
an organism may be depicted as the unwinding 
internally of a spiral that was wound up inthe 
preceding generation. This unscrewing is at the 
same time a screwing up for the future generation. 
After all, the formation of a given organism pro- 
ceeds on the basis of the development of the pre- 
ceding one. And in the process of development of 
that particular organism the basis of the future 
generation is formed. I consider it correct to say: 
to the extent that the body of a particular organ- 
ism (say, of a plant), is built de novo in the new 
generation to that same extent, naturallt', all its 
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properties, including its heredity, are obtained de 
novo, t.e., to that same extent also the nature of 
the organism is obtained de novo in the new i 
eration. 

Each organeand each character — it- 
self in the course of generations both by means 
of growth and by means of development. The sex 
cells and any other cells by which organisms are 
reproduced are, as a rule, created, obtained as a 
result of the development of the entire organism, 
by means of conversion, by means of the metabol- 
ism of the various organs. As a result the course 
of development gone through is accumulated, as 
it were, in the cells from which the new genera- 
tion takes its start. 

The primary initial cells, from which the or- 
ganism develops, are the biologically most com- 
plex and possess the greatest possibilities of 
development. All other cells resulting from the 
development of the zygote when the tissues are 
being differentiated are biologically less complex 
and possess fewer potentialities of development. 
For instance, a whole organism may develop, be 
obtained, from a sex cell or a bud (eye) of a pota- 
to tuber. But from the leaf cells of many plants it 
is impossible to obtain whole plant organisms. 

The assertion of the Mendelist-Morganist ge- 
neticists that all cells of an organism possess 
one and the same nature, one and the same hered- 
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ity, will not hold water. Different cells of the 
same organism undoubtedly possess different na- 
tures, different heredities, different potentialities 
of development. All you need do is take from a 
potato tuber as initial eyes not the usual ones but 
such as developed from tuber cells from which 
they normally do not develop, and you can ob- 
serve not infrequently that plants of a different 
riature, of a different variety, are obtained. We 
know of quite a number of cases when new orga- 
nisms, different in their nature, may be obtained 
from cells of one and the same plant organism. It 
has already been pointed out that by far not all 
cells of even plant organisms can give rise to or 
regenerate entire organisms. This also goes to 
show that not all cells of an organism are of like 
nature. Different cells of an organism possess 
different natures, i.e., different heredities. 

The development cf an organism from a zy- 
gote is, as it were, the differentiation, the disinte- 
eration of a biologically more complex cell into 
simpler, more differentiated cells, The egg is bio- 
logically more complex than any cell of the 
organism that originated from it. 

It must not be forgotten that cells differing in 
quality can be and always are obtained from one 
and the same quality of initial material, for in- 
stance, from one cell or agroup of like cells, in the 
process of development, in the process of metabo- 
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lism. These different qualities of cells are deter- 
mined by the environmental conditions. The envi- 
ronmental conditions are the differentiating 
material of the developing organism. These con- 
ditions are assimilated by the living body and 
thus the body changes itself, differentiates itselj. 

For instance, the shoots of plants which spring 
up from the soil have white leaves. The cells of 
these leaves already contain plastids but the lat- 
ter may turn into chlorophyll grains, in con- 
sequence of which the leaves become green only 
when subjected to the influence of light. In the 
case at hand light, together, of course, with the 
other environmental conditions, is the differen- 
tiating material of the plastids; as a result the 
plastids are transformed into chlorophyll grains. 

The presence in plants of particular characters 
or properties is usually due to the fact that the 
latter existed in the parent organisms and, by 
means of conversion, of development (metabo- 
lism) were incorporated and accumulated in the 
sex cells, in the initial cells of the new genera- 
tion. But mumerous cases could be cited in 
which a particular character of the organism 
in question did not exist in the parental forms. 
It had been present in the older preceding 
generations and appeared anew only after sever- 
al generations. This particular character or 
property had been, as they say, in a latent or re- 
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cessive state. To explain this fact let us return 
to the example of the character of green colour 
in wheat leaves. When the young leaves appeared 
on the ground they had no green colour. There 
was no chlorophyll! in them. But they had the sub- 
stances, plastids, which are converted in these 
leaflets, in the light, at a proper temperature, into 
chlorophyll grains. You can grow part of the 
plant, a separate stem of it, in the dark, shut out 
the light from the leaves, and they will always be 
etiolated, yellow. In the given case no green col- 
our will form. But if seeds are obtained on such a 
stem and plants grown from these seeds in the 
light, the leaves will be green-coloured, the chlo- 
rophyll grains will develop. In the preceding gen- 
eration the green-colour character, the chloro- 
phyll, had been missing but in the succeeding gen- 
eration it appeared. There is no difficulty in 
understanding the cause of its appearance. The 
internal matter, in the present instance the plas- 
tids, which is transformed into chlorophyll grains 
existed in the leaves of the preceding generation. 
These plastids reproduced themselves, entered 
into metabolic relations with other substances of 
the living body and in the final analysis partici- 
pated in the creation and development of the sex 
cells, the germs of the future generation. But the 
plants of the succeeding generations continued 
the normal development of the plastids into 
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chlorophyll grains when their leaves were exposed 
to the action of light. The plastids possessed this 
property also in the preceding generation but did 
not develop chlorophyll grains because the neces- 
sary conditions, ‘.e., light, were absent. By suchi 
reasoning one can readily understand the cases 
where particular characters or properties of or- 
ganisms do not develop for many generations 
and then suddenly appear and develop. The 
latent internal possibilities find the conditions 
they need for development, find a suitable envi- 
ronment, which explains the appearance of this 
or that character or property not possessed by the 
previous generation. 

All properties and characters of an adult or- 
ganism may, in a certain sense, be called latent, 
recessive, i.e., not manifest while the organism 
exists in the form of an embryo or germ. In the 
zygote all the characters and properties of the 
organism exist in latent form, as it were. 

It has already been said above that a living 
body reproduces itself, that the different cells, 
granules and molecules of the body possess differ- 
ent natures—different heredities, different prop- 
erties. 

The molecules of the protoplasm and the mole- 
cules of the chromosome likewise possess, if one 
may put it so, different heredities, different na- 
tures. But all these living granules reproduce 
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themselves both by means of growth and by 
means of development. 

Proceeding from these premises we assume, 
and in particular instances can prove experimen- 
tally, that if you take separate® groups of cells, 
separate parts of an organism as the fundamental, 
initial element you obtain a new generation hav- 
ing different properties and different characters, 
i.e. a different heredity from the one there was, 
or, generally speaking, from the old initial breed 
or variety. This can be observed, for example, in 
potatoes when they grow adventitious buds, i.e., 
eyes from the tuber pulp. After rearing plants 
from such eyes a new breed, i.e., a variety with 
different properties, is frequently obtained. 

Such facts go to show that different cells of 
the same organism may possess different natures, 
different heredities. It goes without saying that 
organisms cannot be grown from all cells. Many 
cells do not possess the property of restoring 
the whole organism. 

The same line of reasoning may be applied to 
difference in quality in the sense of the heredity 
of separate parts and separate granules of a cell. 
Changes in separate parts of a cell, such as, for 
instance, separate chromosomes, should (and this 
is frequently proved experimentally) bring about 
a change in the various organs, characters and 
properties of the organism obtained from this 
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cell with altered chromosomes or sections of chro- 
mosomes, or with changed granules of proto- 
plasm in the initial cell. 

A change in this or that section or granule of 
the initial cell in various degrees affects the 
changing of the various characters and properties 
of the organism obtained from this cell. 

Not all granules of the original cell or group 
of cells are to the same extent starting points for 
the development of the various characters and 
properties of the organism. At the same time it is 
necessary to know that individual granules of the 
original initial cell cannot turn, cannot develop 
into organisms. This requires a totality, a com- 
plex of all granules, i.e., a whole initial cell or, as 
for instance in vegetative multiplication, a group 
of cells. 


ORGANISM AND ENVIRONMENT 


The relative purposiveness and adaptability 
of the plant and animal world to external condi- 
tions and to their surroundings, as well as the 
harmony, the adjustment of the various organs of 
the organism to the discharge of particular func- 
tions, are excellently explained by Darwin’s theo- 
ry of natural and artificial selection. Changes be- 
neficial to development and survival under give 
conditions make for the numerical increase, the 
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propagation of such individuals, while changes 
deleterious to survival make for a decrease in the 
number of such organisms. This explains the prog- 
ress, the constant process of perfection in the 
nature of plant and animal forms. In practical 
farming, plant varieties and animal breeds are 
improved by means of artificial selection. 

Three interconnected factors enter into our 
conception of natural and artificial selection: he- 
redity, variation and survival. The diversity of 
plant and animal forms both in nature and in 
practical farming was created and is still created 
by natural and artificial selection. But the source, 
the material out of which organisms create or 
build themselves, is the cnvironmental condi- 
tions—food in the broad sense of the word. Differ- 
ent living bodies elect different conditions from 
the environment, in accordance with their na- 
tures, assimilate them, and biuld their bodies in 
conformity with the laws of their individual] de- 
velopment, i.e., in accordance with their heredity. 

Different species and genera of plants and ani- 
mals require different environmental conditions 
for their life and development. Likewise, the same 
organisms require different environmental condi- 
lions in different periods of their lives. For in- 
stance, winter plants require low thermal condi- 
tions for one of their periods, now called the phase 
of vernalization. During the other periods of their 
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life winter plants do not require low thermal 
conditions. Finally, the same plant organism re- 
quires different environmental conditions at one 
and the same time, but for the life and develop- 
ment of different organs and for undergoing differ- 
ent processes. Thus, for instance, the conditions 
required for the development of the leaves and 
roots oi a plant differ. In general, the development 
of the different cells, different parts of cells and 
separate processes of an organism requires differ- 
ent conditions of the external environment. Be- 
sides, these conditions are differently assimilated. 

It must be stressed that by external we mean 
all that is assimilated and by internal that which 
assimilates, The life of an organism is complicat- 
ed and proceeds through innumerable regular 
processes or conversions. As a result, food im- 
bibed or entering an organism [from the external 
environment is assimilated by the living body 
through a chain of various conversions, and from 
being external becomes internal. This internal 
matter, being living matter and entering into me- 
tabolical relations with substances from other 
cells and particles of the body, feeds them, as it 
were, and thus as regards them becomes exter- 
nal. Organisms, beginning with zygotes (terti- 
lized sex cells) develop by means of manifold reg- 
ular changes and transformations of the body, 
and they become adult, capable of forming the 
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same kind of sex cells as those from which they 
themselves originated. This is what constitutes 
the course of the individual development of plant 
organisms. 

If a plant organism does nof find in its envi- 
ronment the particular conditions required by the 
nature, i.e., the heredity of a particular process or 
character, the process or character in question 
does not develop. In these cases the internal po- 
tentialities, i.e., the heredity, for the development 
of the given character exist. But the character fails 
to develop on account of the lack of the neces- 
Sary environmental conditions, i.e., of the materi- 
al necessary to enable the character to build it- 
self. In cases where the failure of a particular 
process or character to develop does not disturb 
the general life and further development of the 
organism, the latter may continue to live and de- 
velop normally without developing the character 
or property in question. However, the undevel- 
oped characters or properties of such organisms 
will, as they say, be latent or recessive. These 
characters or properties may develop in the suc- 
ceeding generations if the environment contains 
the requisite conditions, For instance, winter 
wheat plants of the Ukrainka variety on ripening 
produce in some years spikes with black awns 
and in other years with white awns. Seeds ob- 
tained from black-awned and white-awned ears of 
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the named variety, sowing conditions being equal, 
produce plants with awns of the same colour. The 
awns are white or black depending upon the year, 
i.e., upon the condilions under which they ate 
grown. This indicates thal in cases where ripe 
plants of the Ukrainka variety with white awns 
are obtained, the external environment did not 
contain the conditions without which black pig- 
ments cannot develop. But the internal condi- 
tions, the heredity, the potentiality, the require- 
ment for the realization of this character exist. 
The awn cells contain the substance which on 
further development might have developed into 
black pigment, but owing to the absence ol certain 
external conditions this substance did not develop 
further and the awns remained white. Thus in the 
case in question the white-awned plants possess 
those elemerits of the body which were not con- 
verted into black pigment only because their 
development ceased. But these elements, like 
all other granules and particles of the living 
body, may reproduce themselves in their progeny 
by means of metabolistn, as a result of which 
they are incorporated, accumulated, in the sex 
cells. 

The category in question also relates to cases 
of reversion, ie., the appearance in a particular 
generation of characters and properties which 
were lacking in its immediate parenls but which 
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existed in its earlier ancestors. There are many 
such examples and they are generally known. 

In the same way we explain the so-called fluc- 
tuating variations of plant organisms of the 
same nature, i.e., the same heredity. Many of the 
properties or characters possible in a particular 
variety of plant remain recessive in each concrete 
case, i.e., do not develop without causing substan- 
tial damage to the organism as a whole. Hence, 
under various environmental conditions one may 
observe a diversity of plants (phenotypes) belong- 
ing to an identical variety, i.e, with the same 
heredity. The internal hereditary potentialities of 
development of particular characters are not 
realized and the characters do not develop for 
lack of the various environmental conditions. As 
a result different plants are obtained but of rela- 
tively the same nature, i.e., heredity. 

No organism ever wholly realizes all its hered- 
itary potentialities. Many properties and charac- 
ters do not develop fully, remain to some extent 
undeveloped, recessive, without substantially af- 
fecting the development of the organism as a 
whole. But a plant has characters and properties, 
the lack of development or even underdevelop- 
ment and incompleteness of which hamper all fur- 
ther development and in some cases even prevent 
the organism from continuing to live. Such prop- 
erties and characters of the organism clearly 
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cannot be recessive, i.e., latent, since the whole 
organism wil cease to develop if they do not de- 
velop. For instance, if you sow winter-grain seeds 
in spring they will produce shoots and will for a 
long time be in & state of tillering, and roots and 
leaves will develop. But such piants are unable to 
initiate the formation of spikes and straws or re- 
productive organs. In winter plants sown in spring 
the process called vernalization cannot take place 
for lack of low thermal conditions. But spikes and 
straws cannot develop in cereals unless the plants 
have undergone the process of vernalization, i.e., 
without a corresponding qualitative change in 
the content of the cells in the cone of growth, al- 
though the environmental conditions for the devel- 
opment of these organs exist during both the 
spring and summer periods. In these cases the 
vernalization process, which does not develop but 
remains recessive, as it were, is the internal cause 
of the failure of the plants to develop further, of 
their failure to advance toward the formation ol 
new seeds. Clearly no offspring can be obtained 
from wheat plants which formed no seeds. In 
the case in question the lack of seeds was caused 
by the failure to go through the process of ver- 
nalization. These are the premises from which we 
proceed when we say that processes, characters 
and organs which play a substantial part in the 
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zation of individual development, but a develop- 
ment deviating from the normal, usual course. A 
change in heredity is usually a result of the de- 
velopment of the organism under environmental 
conditions which in some measure or other do 
not suit its natural requirements, i.e., its heredity. 

The individual development of an organism, 
as has already been said, is a chain of regular 
transformations. If these transformations of the 
living body do not transcend the norm, i.e., if 
they are the same as they were in the preceding 
generation when the particular character or proc- 
ess was developing, there will be no change in 
heredity. In the generation in question the hered- 
ity is the same as in the preceding generation. 
However, in the development of the individual, 
deviations of the transformations from the norm, 
i.e., from the quality of analogous transforma- 
tions occurring in the preceding generations, 
cause change in breed, in heredity. 

The more the environmental conditions suit 
the requirements, i.e., the heredity of the organ- 
ism, the more will the development of the given 
organism resemble that of the preceding genera- 
tions and, consequently, the less will its heredity 
change, deviate from type, from the norm. When 
the organism does not find in its environment the 
conditions necessary for the development of par- 
ticular organs or characters, these organs or char- 
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acters may fail to develop altogether if they can 
remain recessive without detriment to the general 
development of the organism. If, however, the or- 
ganism as a whole cannot continue to live and de- 
velop without their development, it either ceases 
to develop or the usual course of the process, the 
usual development of the organs and characters, 
must change and take a direction which corres- 
ponds to the new, unusual conditions. Thus chang- 
es in the conditions oj life which necessitate 
changes in the development of plant organisms 
are the cause of change in heredity. All organisms 
which cannot change in accordance with the 
changed conditions of life du not survive and 
leave no progeny. 

Organisms, and hence also their natures, are 
created only in the process of development. A liv- 
ing body may change also without development 
but these changes will not be characteristic of 
living bodies. Changes occurring in living bodies 
without a development of these bodies will, as a 
rule, involve a diminution of their vitality. For 
instance, seeds—-the embryos of organisms of dif- 
ferent plants—when stored do not develop like 
organisms, but when stored too long or stored un- 
der conditions that are not normal, changes take 
place in the cells of the embryos, Therefore the 
heredity of such seeds may also change. But such 
changes, as 2 rule, will lead to a decrease in vital- 
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ity. The seeds may, due to long storage, be 
ruined, become less germinative, less vital. 

In the development of plant organisms the he- 
redity usually least subject to change is that of 
recessive characters, the undeveloped or under- 
developed state of which does not cause substan- 
tial harm to the general development of the or- 
ganism. On the other hand, the heredity of those 
characters and properties of an organista whose 
development plays a substantial part in the life of 
the individual is in our opinion more frequently 
subject to change. If the external conditions do 
not correspond to the normal course of develop- 
ment of these characters or properties, either the 
course of their development must undergo adap- 
tive change or the organisin as a whole will cease 
to develop, to live. 

In each new generation plants strive to mani- 
fest properties and characters which existed in 
the preceding gencrations. Some of the charac- 
ters and properties which existed in a preceding 
generation may in the particular plant in ques- 
tion, owing to the lack of suitable external condi- 
tions, remain and as a rule always do remain in 
underdeveloped form; as they say, the character 
remained in a latent, recessive form. And, con- 
versely, some of the characters and properties 
which did not manifest themseives in preceding 
generations may do so in the given generation. 
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In other words, where the heredity is relatively 
the same, the external appearance of plants of dif- 
ferent generations or of different plants of the 
Sanie generation may (and always does) differ 
more or less, °* 

The diversity of plants with relatively the same 
heredity (i.e., of one variety) is due to the var- 
ious degrees of development of many of its orop- 
erties and characters one of which taken sepa- 
rately does not play an essential part in the gener- 
al course of development of the organism as a 
whole. The heredity of such characters and or- 
gans, whicli easily vary in the development of the 
individual, is usually least conservative and lends 
itself most to change. OI this one can easilv con- 
vince oneself by raising new plants irom cuttings 
of tissue taken irom such variab‘e organs. 

It is different with organs, characters and prop- 
erties whose development plays an essential part 
in the life of the organism. Everything in 
the organism is directed towards providing the 
development of such organs or characters with 
conditions which do not transcend the norm. 
Therefore the development of such characters 
varies considerably less. Their heredity is usually 
more conservative and lends itself less to change, 
as it is guarded and protected to a great extent 
by the entire system of the organism as a whole. 

Variation in the heredity of plant varieties 
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propagated by seeds takes place, as a rule, 
through a change in the heredity of conservative 
characters, which vary with difficulty. It depends 
to a considerably smaller extent on the variation 
of the easily variable characters*and properties of 
the plants. 

Yet it has been repeatedly stated that a change 
in the body is always linked up with a change 
in its heredity. We seem to have arrived at a 
contradiction. A variety changes to a greater 
extent in those characters which are more conserv- 
ative, less capable of change in the development 
of the individual, and on the contrary, a variety 
changes to a considerably smaller extent in those 
characters which in the development of the indi- 
vidual are less conservative and lend themselves 
more to change (variation). On this ground ge- 
neticists arrived at a wrong theoretical conclu- 
sion. They properly attribute the fluctuating var- 
iation of the characters and properties of plants 
and animals to the varying conditions of the en- 
vironment. But inasmuch as the alteration of a 
variety goes on, as a rule, in the characters and 
properties which vary to a considerably smaller 
extent in the development of the individual, they 
conclude that a change in variety, and hence a 
change in breed, i.e., heredity, does not depend on 
the conditions of life at all but on certain un- 
known causes. In their opinion the causes of muta- 
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tions have not been discovered to this day. An 
organism's characters and properties vary on ac- 
count of the variation in the conditions of life, but 
its heredity, its breed, does not change. Conse- 
quently, the livihg conditions are not the cause 
of changes in varieties. 

As a matter of fact the heredity of a living 
body changes normally only when this body devel- 
ops. Whatever does not develop in the living 
body does not change in the sense of developing. 
It can change only in the sense of being de- 
stroyed or fading out of existence. 

If the external environment does not con- 
tain the conditions required for the develop- 
ment of the various characters and properties 
which do not play a substantial part in the life 
of the organism, these characters and properties 
do not develop and consequently do not change. 
Recessive characters are, as a rule, the most sta- 
ble, i.e., the least changeable. This or that charac- 
ter may not manifest itself for many generations 
in the plants of a given variety, may be latent for 
lack of the necessary environmental conditions. 
When the necessary conditions exist, recessive 
characters and properties can develop and assume 
the same form as in generations of the distant 
past. The heredity of such characters does not 
change for the reason that the latter did not de- 
velop. On the other hand, fluctuating variations in 
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the individual development of many properties 
and characters of the progeny do not alter the 
characters or alter them but slightly for the fol- 
lowing reason. As their properties are beyond the 
norm, the substances of the changed (variable) 
characters are not included in the processes, pas- 
sage through which results in the appearance of 
organs or parts of plants which form the basis of 
future gencrations, as for instance seeds, Thus 
a variety propagated by seed usually changes lit- 
tle on account of a change in the variable charac- 
ters, as they are called. This is so not because 
changes in characters are not determined by the 
action ol environmental conditions, of conditions 
of life, but because the changed nature of the par- 
ticular body parts of the organism is not included, 
or is included to a small extent only, in the chain 
of processes which leads to the jormation of seeds. 
But if the changed characters or organs are taken 
as the starting point, as the basis for future organ- 
isms, the progeny too will be changed, i.e., the 
variety will be altcred. 

If the environment does not contain the condi- 
tions suitable for the development of the charac- 
ters and properties without which the further 
existence of the organism is impossible, such 
characters and properties cannot easily remain 
recessive. They develop perforce, as they say, else 
the organism must cease to exist. Although the 
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action (especially the prolonged action) of unu-. 
Sual, unaccustomed conditions of environment 
does bring about the development of the particu- 
lar characters or properties they will, nevertheless, 
develop differentty from the way they developed 
in the preceding generations, when environmental 
conditions were normal. As a result, a more or 
less different living body is obtained possessing in 
consequence different properties and, of course, a 
ditferent heredity, i.c., different environmental re- 
quirements. 

Changes in the nature of organisms and in 
their various properties and characters are always 
in some measure enforced. For lack of necessary 
conditions suitable {o the nature of the given liv- 
ing body it is compelled to assimilate conditions 
differing to some extent or other from those re- 
quired. As a result a different body, and hence also 
a different nature, or heredity, of that body, are 
obtained. If one adopts this point of view one read- 
ily arrives at the conclusion that the heredity 
of the different sections of a plant from which a 
whole organism can be regencrated is frequently 
different. This can easily be corroborated cxperi- 
mentally in many cases. We have already pointed 
to the experiment of obtaining various breeds of 
potato tubers from one initial tuber by inducing 
eyes in the particular tuber from various sections 
of its pulp. Reference may also be made to such 
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well-known facts as the appearance on fruit trees 
of separate buds or twigs, with hereditary prop- 
erties and characters differing sharply from those 
which are characteristic of the tree as a whole. 
The changed characters which play an essential 
part in the development of an organism as a 
whole are usually transmitted more frequently to 
the seed progeny than characters of less inapor- 
tance. This is so for various reasons, one of which, 
in plants, is the multitude of characters of the 
same type. The more characters of one type (for 
instance, leaves) there are, the less a change 
that exceeds the norm for each character is trans- 
mitted in the progeny. 


DIRECTED CHANGE IN THE BREED 
OF ORGANISMS 


There arises the question: why then do we 
have relatively permanent breeds of animals and 
varieties of plants, i.e., heredity, in animate nature 
and practical farming? Everybody knows of cases 
where animal breeds and plant varieties, as well 
as species and strains, have been preserved for 
decades on farms and for centuries in the state of 
nature. In such a space of time scores and hun- 
dreds of generations succeed each other, but as 
concerns their nature, i.e., their heredity, they are 
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indistinguishable or almost indistinguishable 
from each other. This generally observed phenom- 
enon likewise seems to contradict the view 
we have expressed above that the nature, i.e., 
the heredity, of °an organism is compelled to 
change when the body of the organism 
changes under the influence of the conditions of 
life. After all, many characters and organs in each 
generation develop differently whenever they en- 
counter conditions which are relatively different 
from those obtaining in previous generations. 
Relatively different characters, organs and prop- 
erties with consequently different heredities are 
obtained. Logically it would scem that these or- 
gans and characters ought to reproduce their 
exact copies in the following generation. In actual 
fact, however, the innumerable experiments made 
have not confirmed this. Expcriments of this kind 
are rather easy; anybody can repeat them. For in- 
stance, take seeds of some particular variety of, 
say, wheat and grow plants from them: some 
under good and others under bad conditions of 
nutrition and care. The plants obtained will differ 
sharply in external appearance. The plants grown 
under good conditions may be dozens of! times the 
weight and size of those grown under bad condi- 
tions. The difference will be not only quantitative 
but also qualitative, It would seem that the hered- 
ity of such different living bodies (plants) 
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should be different. But if seeds from these differ- 
ent plants are sown under equal conditions the 
plants that grow from them will, as a rule, differ 
little from each other. 

Hence one may arrive at the conclusion that 
change in the living body apparently does not 
entail change in its heredity, i.e., its nature, and 
that consequently it is useless to look in the con- 
ditions of life of plants and animals for ways ol 
directing change in the nature of organisms. This 
is precisely the erroneous conclusion arrived#at 
by representatives of the science of genetics. Due 
to this cardinal error science (genetics) found 
itself at loggerheads with practical farming, with 
seed growing and pedigree stockbreeding. 

I emphasize the fact that a rather large num- 
ber of experiments were performed which seemed 
to prove beyond dispute that heredity is constant 
while the quality of the body is relatively varia- 
ble. Moreover, they can easily be repeated if so 
desired. Let us reler to an experiment performed 
at the Belaya Tserkov Sugar-Beet Breeding Sta- 
tion. On a field sown throughout to one variety 
of sugar beet, 10,000 of the biggest roots were 
picked in autumn. Their average weight was 
790 gr. On the same field were also picked 10,000 
of the smallest roots, whose average weight was 
150 gr. The two groups of roots, the biggest and 
the smallest, were planted apart from each oth- 
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er to avoid cross-pollination, a blending of the 
heredities of these two groups of plants possess- 
ing different weights. The seeds obtained from 
them were sown under identical conditions. It 
appeared that the average weight of the roots 
obtained from the big-root group was 317 gr. and 
of those from the small-root group 312 gr. The 
average weight of the roots was thus almost the 
same regardless of whether the seeds were taken 
from the biggest or the smallest sugar-beet roots. 
The logical conclusion may be drawn (and is 
drawn again and again by geneticists) that the 
conditions of life, of agrotechnique, undoubtedly 
affect crop yields, i.e., the development of the 
quantity and quality of the living body, but they 
do not exert any influence upon the quality of its 
nature, do not affect any alteration in its heredity. 
This explains why some geneticists came to 
the conclusion that in sowing plants for seed as 
well as in breeding pedigree livestock the appli- 
cation of good agrotechnique or zootechnique, i.e., 
good feeding of pedigree animals and good tend- 
ing of them, is not only unnecessary but {requent- 
ly even wasteful. Such scientists are of the opin- 
ion that good farming technique or good feeding 
will only increase the number of seeds or the quan- 
tity of livestock products obtained, but that the 
quality of the heredity of the seeds or of the young 
stock will remain the same as with bad or cheaper 
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aprotechnique or zootechnique. Yet it is a known 
fact that in practical life good varieties of plants 
and good breeds oj cattle always have been and 
are being produced only with good agrotechnique 
arid zootechnique, When agrotechnique is bad you 
not only can never obtain good varieties from bad 
ones but in many cases good cultivated varieties 
become bad ajter a few generations. The princi- 
pal rule of practical seed growing is that plants 
erown for seed must be reared in the best possi- 
ble way. This requires that good conditions suit- 
able for the heredity requirements of the plants in 
question be established by means of agrotech- 
nique. Of well-cultivated plants the very best are 
selected for seed. This is the way in which plant 
varieties are improved in practice. If the plants are 
cultivated badly (i.e., when the agrotechnique is 
bad) no selection of the best plants for seed will 
produce the results required. All seeds produced in 
this fashion are bad, and even the best among the 
bad will be bad. 

It must be firmly borne in mind that while 
good agrotechnique, the creation of good condi- 
tions for the growing of plants, does not always 
improve their nature, i.e., their heredity, it never 
makes it worse. 

If a detailed analysis of the question of change 
in heredity under the influence of the condi- 
tions of life of plants and animals is made it ap- 
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pears that there is no contradiction between the 
factual experimental material of the geneticists, 
on the one hand, and the supposedly opposite 
facts of practical farming, on the other- The facts 
set forth seem contradictory only to those genet- 
icists who do not know life, who do not know 
farming practice. Therefore the conclusions which 
the geneticists draw from their above-mentioned 
experiments radically contradict good seed grow- 
ing and pedigree-stock breeding practice. They 
further contradict the Darwinian theory of devel- 
opment of plant and animal forms. 

The facts show that changes in the various 
sections of the body of a plant or animal organ- 
ism do not become fixed, are not assimilated, 
with equal frequency in the sex cells, i.e., in the 
reproductive products. The geneticists claim in- 
stead that no changes in the properties, charac- 
ters or organs which arise from the conditions of 
life induce changes in the heredity of these prop- 
erties, characters or organs. The fact that the 
progeny obtained in their experiments with plants 
and animals under various conditions remain 
unchanged with regard to these properties serves 
the geneticists as the grounds on which to base 
their assertion. Actually a living body that has 
been qualitatively changed by the conditions of 
life always has a changed heredity. But not al- 
ways by far can qualitatively changed parts 
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of the body of an organism enter into normal 
metabolic relations with a number of other 
parts of the body, owing to which these changes 
cannot always be fixed in the sex cells. The off- 
spring will therefore frequently not possess the 
changed heredity of a particular changed part of 
the body of the parent organism or this change 
will be expressed in weakened form or to a minor 
degree. 

This is explained by the fact that the process 
of development of each organ, of each granule of 
a living body, requires relatively definite environ- 
mental conditions. These conditions are elected 
by each process, by the development of each organ 
and property from the surrounding environment. 
Hence if a particular part of the body of a 
plant organism is forced to assimilate conditions 
to which it is not accustomed (qualitatively or 
quantitatively) and if owing to this the given 
part of the body becomes changed, different from 
analogous body parts of the preceding genera- 
tion, then substances passing from this part of 
the body to the neighbouring cells may not be 
elected by them, may not be included in the fur- 
ther chain of corresponding processes. Of course, 
there will be some connection between the changed 
part of the body of the plant organism and 
the other parts of the body, otherwise it could 
not exist; but this union may be incomplete or not 
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mutual. The changed part of the body will re- 
ceive some nourishment or other from the neigh- 
bouring parts; but it will not give up its spe- 
cific substances gs the neighbouring parts will 
not eiect them. In their nature these substances 
are not native to the processes going on in these 
parts of the body. Into these processes will 
enter the conditions, the food suitable to them; 
and they can obtain this food from other. quali- 
tatively unchanged parts of the hedy. 

This explains the frequently ohserved phenom- 
enon that certain changed organs, characters or 
properties of an organism fail to inanifest them- 
selves in the heredity of the progeny. At the same 
time we stress the point that these altered parts 
of the body of the parent organism possessed an 
altered heredity. These facts have long been 
known to practical horticulture and floriculture. 
A changed twig or bud of a fruit tree or an eye 
(bud) of a potato tuber cannot, as a rule, induce 
a change in the heredity of such offspring of the 
particular tree or tuber as do not derive directly 
from the changed parts of the parent organism. Ii 
we cut off this changed part and grow a separate, 
independent plant from it the latter will, as a 
rule, possess the changed heredity in full, i.e., the 
heredity of the changed part of the parent’s body. 

Should separate links in the general chain of 
development of a plant organism be unable to find 
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the conditions their nature requires, the sub- 
stances of the changed part of the body will per- 
force, aS it were, be included wholly or partly in 
the chain of these processes and thereby partici- 
pate in the development of the reproductive prod- 
ucts. Therefore a change in the nature of separate 
parts of the body of a plant organism may leave 
the heredity of its offspring entirely unaffected, 
may affect it partly or, lastly, may be transmitted 
in its entirety. The extent to which changes are 
transmitted will depend on the extent to which the 
substances of the changed part oj the body have 
been included in the general chain of the proc- 
ess leading to the formation of reproductive sex 
or vegetative cells. In nature this depends on the 
accidental conditions that the plant in question 
encounters, while in experiments and practical 
farming it depends on man’s knowledge and skill. 

It is a known fact that environmental condi- 
tions do not depend upon the different plant or- 
ganisms. Organisms only possess definite require- 
ments for various conditions. Whether the en- 
vironment will contain these conditions, and 
whether they will be of the requisite quality, in 
the requisite quantity and at the requisite time, 
does not depend upon the plant. At the same time 
the life of plant organisms and the quartity and 
quality of their bodies depend upon the enviren- 
mental conditions. As they say in practical farm- 


54 


ing: agrotechnique determines the quantity and 
quality of crops. As we have already indicated, 
with good agrotechnique and good conditions of 
cultivation plants may be obtained ten and even 
more times the weight and size of plants of the 
same variety (of the same breed) produced under 
exceedingly bad conditions. Here is a case in point. 
A millet plant which accidentally grew on a bare 
failow weighed, with roots, stalks and panicles, 
953 gr. Another millet plant of the same variety, 
which grew on a road near the field, weighed at 
the same stage of ripeness, together with roots, 
Stalks and panicle, 0.9 gr., ie., one plant was 
more than a thousand times as heavy as the other. 
Thus, although plant organisms possess the ca- 
pacity to elect environmental conditions, never- 
theless, since the latter are independent of the or- 
ganism, and organisms build their bodies out of 
the environmental conditions, the result is that 
the body of the organism depends largely, in both 
quality and quantity, upon the conditions of life. 
Different conditions give rise to different plants 
and these differences are frequently very great. 
How is it then that, in spite of the marked 
variability of the parent organisms, the develop- 
ment of particular organs and characters (both in 
the quantitative and qualitative sense) and the 
nature of the offspring, i.e., the heredity of these 
plants, remain rather stable, relatively unaltered? 
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Does this not argue in favour of the proposition 
that a change in the body of an organism does 
not entail a change in the nature, i.e., in the he- 
redity, of this body? This is explained in part, as 
was pointed out above, by the fact that the 
changed parts of the body are frequently altogeth- 
er excluded, or are included to a small extent on- 
ly, in the metabolic relations with those links in 
the process as a result of which reproductive cells 
are obtained. 

It must also be noted that not all processes 
in an organism, the development of not all organs 
and characters, are supplied with nutriment of the 
required quality and quantity in equal measure 
and with equal timeliness. Not all processes in 
an organism are of equal importance [or the main- 
tenance and propagation of the given species, 
strain or variety of plant. 

It has already been stated that the characters 
and properties whose development does not sub- 
Stantially influence the life of the organism as a 
whole remain, aS a rule, undeveloped, recessive, 
when there is a deficiency of the required envi- 
ronmental conditions. Let us add that when there 
is an excess of the required conditions these same 
characters develop, as arule, likewise excessively, 
considerably above normal. In other words, the 
development of such characters is most variable, 
most fluctuating. But the characters or proc- 
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esses upon whose development the life of the or- 
ganism as a whole largely depends vary less, fluc- 
tuate less. 

If particular nutritive elements for the nor- 
mal development of the entire plant are :acking, 
the first to starve, i.e., receive a subnormal quan- 
tity of food, will be the least essentiat organs, 
the least essential parts of the body. The proc- 
esses that are more important to the organism will 
suffer to a smaller extent from an insufficiency 
of particular nutritive elements, and to a still 
smaller extent will those upon which the contin- 
ued existence of the plant’s race mostly depends. 
For instance, it is a well-known fact that if any 
farm animal is fed to excess it develops a thick 
layer of fatty tissue. If fed insufficiently the fatty 
tissue will not only cease to receive food but will 
itself be spent on feeding the other tissucs of this 
organism. After the fatty tissue has been spent 
on feeding the organism, comes the turn of the 
muscular tissue, etc. In general, when animals 
starve the nervous and certain other tissucs starve 
least. This is our explanation of why plants 
such as the two tufts of millet we took as exam- 
ples, which were pioduced under sharply differ- 
ent conditions in point of nutrition and of which 
one exceeded the other more than a thousand 
times in size and weight, are far from completely 
transmitting these differences to their offspring. 
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The plants were nourished quite differently, but 
the nutrition of the separate parts, of the separate 
processes of those plants, departed from normal 
in various degrees. The main, processes of the 
plant that had plenty of food were protected from 
an excess of it, the part above the rorm being 
absorbed by other, less important processes. On 
the other hand, in the case of the plant which re- 
ceived insufficient nutrition, the main processes 
starved least of all. 

Therefore, although the plants sharply differed 
in their development and departed in opposite di- 
rections from the norm, the processes upon which 
the continuation of the race depends most were 
fed quantitatively and qualitatively approximate- 
ly according to the norm. Alter all, the size of 
the seeds taken fron: these two plants—plants 
which exhibited a thousandlold difference in 
weight—was almost exactly the same. Moreover, 
the embryos in these seeds, being the most impor- 
tant part, differed still less from each other. And, 
finally, the most essential parts of the embryos 
must have differed least of all. 

Thus we give the following explanation for 
the absence of change in the heredity of the off- 
spring when various characters or properties of 
the parent plants change or when these changes 
are not completely transmitted (as is most fre- 
quently the case). 
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Firstly: the active election of suitable environ- 
mental conditions by the various processcs for the 
development of the various oi gans and characters, 
of the various particles of the living body. 

Secondly: the active noninclusion of unsuita- 
ble conditions in the process. Parts of the body 
changed perforce do not fully include the specific 
substances they produce, and frequently do not in- 
clude them at all, in the general chain of the proc- 
ess leading to the formation of reproductive cells. 

Thirdly and lastly: in the organism, as in an 
integral whole, there is no “equalitarian tenden- 
cy” supplying of the different processes with the 
requisite elements of food. The more important 
processes are supplied with greater approxima- 
tion to the norm; they are protected against in- 
sufficiency as well as against a surplus of nutri- 
tion in general or of particular elements of it. 
Less important processes, on the other hand, are 
supplied less than the norm, the norm or more 
than the norm, depending upon the amount avail- 
able. 

The question may arise: wherein, then, does 
our understanding of the interconnection of the na- 
ture, of the heredity, of the organisms with the con- 
ditions of life differ from the point of view of the 
Morganist geneticists? The geneticists say that 
the conditions of life tend to cause only qualita- 
tive and quantitative changes of the body (soma) 
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to the environmental conditions, but it must be 
remembered that the property of adaptability will 
not always be analogous to purposiveness. The 
relative purposiveness and harmonious nature of 
plants and animals in nature have come into exist- 
ence only by natural selection, i.e., by heredity, 
its variation and survival. 

When we know the way of building up the 
heredity of an organism we can charge it with- 
out waiting for suitable occasions by creating 
definite conditions, definite action at a particular 
moment of the organism’s development. The bet- 
ter we know the concrcte laws of developinent ol 
the various plant organisms the sooner and the 
more easily we shall obtain, create the requisite 
forms and varieties of these plants. Lp to now 
good practical seed growers knew only that while 
good agrotechnique, the proper growing of seed 
plants, does not always improve their nature, it 
at any rate does not make them worse. On the 
other hand, bad growing conditions quite fre- 
quently, if not always, worsen the breed of va- 
rieties and never improve it. A knowledge, there- 
fore, of the concrete laws of development of the 
nature of the plants in question offers the possi- 
bility of directing, of changing the nature of or- 
ganisms in the required direction at any time, 
without waiting for chance. 
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VEGETATIVE HYBRIDS 


Morganist geneticists conceive of an organism 
as consisting of the ordinary body, known to all, 
and a “hereditaryssubstance,” ie., a body which 
they claim is known only to them (though not 
one of them has so far actually seen or felt this 

, body). The first body (soma), the ordinary body, 
discharges various functions of the organism. It 
depends upon the conditions of life and changes 
when these conditions change. Secondly, the “he- 
reditary substance,” in the opinion of these ge- 
neticists, discharges only the function of repro- 
ducing the properties and characters of the pre- 
ceding generations. Hence their definition of he- 
redity as being only the property of an organism 
to reproduce beings similar to itself. 

Our conception, on the contrary, is that the 
entire organism consists of only the ordinary 
body, known to all. The organism contains no 
special substance separate and apart from the 
ordinary body. But any particle, or, figuratively 
speaking, any granule, any droplet of the living 
body, once it is alive, must unfailingty possess 
the property of heredity, i.e., of requiring condi- 
tions suitable to its life, growth and development. 

As we know, hybrids are organisms which 
possess the properties of two breeds, one mater- 
nal and the other paternal. In different cases 
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particular properties of either parent predominate 
in the offspring in different degrees. 

Hitherto sexual reproduction, the sexual uni- 
on of the organisms of two breeds, was the sole 
method generally recognized Wy science of pro- 
ducing hybrids. Darwin and a number of other 
eminent biologists considered it possible to obtain 
also vegetative hybrids, by blending two breeds 
and obtaining a third, not only by means of cross- 
breeding but also by means of vegetative union. 
I. V. Michurin not only admitted the possibility 
of the existence of vegetative hybrids but also 
elaborated the mentor method. This method 
consists in grafting cuttings (twigs) of different 
varieties of fruit trees on the crown of a young 
variety whereby properties lacking in the latter 
are acquired by it, transmitted to it from the 
erafted twigs. This is why I. V. Michurin called 
this the mentor method, using mentor in the sense 
of trainer, improver. By this method Michurin 
produced many gcod new varieties and improved 
many existing ones. The Morganist geneticists 
of course do not deny bul recognize the good 
varieties produced by Micnurin. Yet they have 
refused to recognize the method of producing 
these varieties, and, in particular, the mentor 
method, i.e., vege.ative hybridization, asserting, 
contrary to Michurin, that these varieties are ob- 
tained independently of the influence of the cut- 
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tings grafted on the crowns of the young varieties 
of trees possessing their own root sysiems. 

Vegetative hybiids provide cogent proof of 
the correctness of our conception of heredity. At 
the same time they represent an insurmountable 
obstacle to the theory of the Mendelist-Morgan- 
ists. This furthermore serves to explain why the 
Michurinists, who proceed from the facts and 
laws of objective living nature, recognize the pos- 
sibility of existence of vegetative hybrids. The 
Mendelist-Morganist genciicists, however, deny 
this possibility. 

The Michurinists, beginning with I. V. Michu- 
rin himself, have found methods of obtaining 
vegetative hybrids in large quantities. The Men- 
delist-Morganist geneticisis, on the other hand, 
long denied the various cases of vegetative hy- 
brids that had been known from tiie immemorial. 
Examples of vegetative hybrids, such as the Cyti- 
sus Adami, a cross between the hawthorn and the 
medlar, and others, were cited even by Darwin. 
But the geneticists considered all these cases to 
be not hybrids but so-called chimeras, by which 
they meant organisms in which the tissues of 
various breeds are vegetatively coalesced but not 
biologically blended. The yencticists used to as- 
sert that such organisms cannot sexually repro- 
duce offspring with hybrid properties. But when 
the Michurinists during the last few years found 
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a method of obtaining vegetative hybrids in large 
quantities and when these hybrids even in the 
seed offspring behaved like ordinary sexual 
hybrids, the geneticists could no longer find 
grounds for objection. They merely ignored these 
facts, at times calling them experimental errors. 
But they will not undertake to repeat these inves- 
tigations for fear of obtaining vegetative hy brids. 

Relerence is frequently made to the generally 
known phenomenon that the grafting, on the most 
diverse stocks, of various breeds of fruit trees 
which in practice are propagated only in this way 
does not change the inherited properties of the 
prafted varieties. But in this instance it is for- 
gotten that these varieties of fruit trees have al- 
ready been fully formed, have already gone 
through their phasic development. Therefore they 
cannot suffer any change in those properties and 
qualities which long before, prior to the gralting, 
had completed their cycle of development. A dif- 
ferent result is obtained whem young varieties of 
fruit trees, which have not yet been fully formed, 
are prafted on. They, in such event, change, as a 
rule, the entire course of their further formation. 

It should be known that the whole process of 
development of plant organisms, for instance, of 
annual cereals, consists of separate successively 
connected processes, stages, phases of develop- 
ment successively passing from one lo the other. 
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It is easy enough to prove by experiment that, 
for instance, winter plants that have not complet- 
ed the process calied the vernalization phase can- 
not pass through all the processes subsequent to 
tliat phase. Besides, alter going through the proc- 
esses of the vernalization phase or, for instance, 
the next phase, namely, the photo phase, these 
plants will not pass a second time through the 
vernalization phase or the photo phase no matter 
how much they are propagated vegetatively by 
cuttings, i.e, tissues which developed from tis- 
sues that had already gone through the vernali- 
zation or the photo phase. 

All this makes it clear that in practice old, 
Jully jormed varieties of fruit trees can and should 
be propagated by grafting without any risk oj 
losing or changing their good hereditary proper- 
tres. On the other hand, organisms which phasic- 
ally have not been fully Jorined, which have not 
yet completed their cycle of development, will 
always, on being grafted, change their develop- 
ment in comparison with own-rooted, i-e., ungralt- 
ed, plants. Vegetative hybridization is not only 
of great importance {oe practical farming but also 
of considerable theoretical value as an aid to a 
correct understanding ol one of the most impor- 
tant phenomena of nature—heredity. When we 
unite plants by means of grafling we obtain an 
organism of a different breed, namely, the breed 
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of the scion and the stock. By sowing seed taken 
from either of the latter we can obtain offspring 
some of which will possess the properties not 
ony of the breed from whose fruits the seeds were 
taken but also of the other breed with which the 
first was united by grafting. 

Everybody knows that only plastic substances, 
saps, are interchanged between scion and 
stock. The scion and stock can interchange nei- 
ther chromosomes of their cell nuclei nor proto- 
plasm. Nevertheless, inheritable properties can 
be transmitted from stock to scion and reversely. 
Consequently, the piastic substances elaborated 
by ihe scion and the stock also possess breed 
properties, i.e., heredity. They posses the proper- 
ties of the breed by which they are developed. 

The numcrous cases in which vegetative hy- 
brids were obtained in recent years are clear 
proof of the incorrectness of the very basis of the 
Mendclist-Morganist theory, according to which 
heredity is possessed by only a certain special 
substance, separate and apart from the ordinary 
body and concentrated in the chromosomes of 
the cell nuclei. Any assertion that the property ol 
heredity is bound up with some special, separate 
substance is wrong, in whatever part of the or- 
ganism or celi it be located. Every living pérticle 
or even droplet of a body (ij the latter ts liquid) 
possesses the property of heredity, t.e., the prop- 
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erty of requiring relatively definite conditions 
for its life, growth and development. 

Annual herbaceous plants provide very suita- 
ble material for the experimental production of 
vegetative hybrids with which to demonstrate 
that this is really a change of breed (a blend of 
two breeds) which can be transmitted from gen- 
cration to generation also by sexual reprodtc- 
tion, i.e., througn seeds, the same as with sexual 
hybrids. Tomato strains would be just right for 
the purpose. Two strains should be chosen, with 
sharp, clearly visible differences in, say, the col- 
our of the fruits: red ripe [ruits of one strain and 
yellow or white of another. The sharp diiference 
may be expressed in the shape of the fruit, thus: 
round for one strain and pronouncedly clongated 
for the other; or in the structure of the leaves, 
thus: nondisseeted, like those of potato plants, 
and dissected, like the usual tomato leaf. Two 
strains may be taken, differing in the number of 
chambers and fruits—-two-chambered and many- 
chambered, etc. Indicate the character whose 
alteration it is desired to follow up. For instance, 
the task may be assigned of converting the white 
colouring of ripe tomato fruits of the Albino va- 
riety intoared colouring and transmitting to the 
latter the character of the red-fruited varicty; 
however this is to be done not sexually (by cross- 
breeding) but vegetatively, by grafting a cutting 
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of a young Albino organism on the stem of a 
more mature plant of the red-fruited breed. The 
younger the plant whose characters it is desired 
to change the more successlul the experiment 
will be. On the other hand, the pfanis from which 
it is desired to obtain a particular property or 
character should be older. Those of middle age 
will do best. Not less than 10-20 graftings should 
be made. They are quite easy to do and take little 
time. After the gralts have coalesced the best 
thing is to remove the twig leaves of the breed 
to be changed as often as possible. But the breed 
from which a particular character is to be taken, 
or transmitted, should be leit as inany leaves and 
twigs as possible. In order to make the experi- 
ment more exact, the flower buds on the grafted 
twig should be isolated during the flowering 
period by a gauze bag to protect theni against 
insect-borne forcign pollen (though tomatoes are 
self-pollinators). In a number of cases in such 
experiments tipe fruits showing various degrees 
of colouring mav already be obtained from the 
graited twigs which, according to their breed, are 
characterized by white-coloured ripe fruits. After 
the fruits ripen the seeds should be taken from 
them, especially {rom the red ones, if there be 
such, and sown the following year. A number of 
plants from such a crop wiil, as a rule, bear fruits 
which, when ripe, will be tinted red. This colour- 
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ing was transmitted by the graft component of 
the preceding generation through the plastic 
substances. The same thing may be observed with 
regard to any other character. For instance, seed 
ofispring of the two-chambered varicty of toma- 
foes obtained aftcr it had bcen grafted on to a 
multichambered variety were multichambered 
without repeating the grallings. Nonerect, 
trailing forms, alter being grafted on to erect 
lorms, transmit the erect habit through the seeds 
to a considerable number of offspring. Shape of 
leaf, length of vegetative period (carly maturity 
or late maturity), size of the fru‘ts (big or small) 
and a number of other characters and properties 
were transmitted by heredity to seed offspring in 
the experiments performed by the Michurinists, 
scientific workers and experimenters. 

It may now be asked: why do not all plants 
obtained from sceds of fruits of grafted twigs 
clearly manifest hybrid properties? Why is it that 
in a number of cases, though in the examples we 
have referred to this will rarely happen, one fails 
to discover even a single plant of the hybrid type? 
The following may serve as an answer. Plants 
of a hybrid type are not obtained in all cases 
because brecds and the various processcs,in one 
and the same breed, as has already been stated, 
possess elective capacity, show preferences as 
regards their conditions of life, their food. It goes 
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without saying that plastic substances elaborated 
‘by one breed are to some extent or other unsuit- 
able, unfit to nourish the grafted component of 
the other breed. The grafted component may not 
take or assimilate them at ail, or ¢t may elect from 
all substances oniy those which suit it most and 
try to obtain all the rest from the leaves or from 
other parts of its own brecd. This explains why 
as few leaves as possible should be left of the 
component whose breed it is desired to change. 

The percentage of vegetative hybrids obtained 
will depend on the ability of the experimenter to 
compel, to coerce the grafied twig (cutting) to 
assimilate a maximum of the nutritive substances 
elaborated by the breed whose properties it is de- 
sired to transmit to lhe grafted breed. It is essen- 
tial that the experimenter overcome the ‘unwill- 
ingness” (clectivily) of the processes of the grait- 
ed twig to include these substances in the process 
of building its body. 

The experiments we recommend will, as a 
rule, prove successful in a greater or smaller 
percentage of the plants. After performing them 
it will become clecr to any geneticist still believ- 
ing in the fundamentals of Mendelism-Morgan- 
ism that this theory is not only fallacious but 
even pernicious if applied to practical pedigree- 
stock breeding and seed growing. 

It should be emphasized that abroad in prac- 
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tical seed growing (including plant breeding) as 
well as in pedigree-stock breeding no use what- 
ever is being made of the genetic theory. Good 
practical seed and pedigrec-steck breeders have 
themselves worker! out, thrcugh experinients and 
observations covering hundreds of vears, ways 
and means of improving the old varieties ofl 
plants and breeds of animals, and also of rearing 
new ones. In foreign countries the science of ge- 
netics is divcrced from practical farming, for 
which reason theory may develop there ior many 
years In a wrong direction. 

The vast factual material on the vegetative 
transmission of various cnaracters of potatoes, 
tomatoes and a number of other plants with 
which the scientific staff under our direction had 
to operate has brought us jo the conclusion that 
vegetative hybrids do not d'ffer in principle Jrom 
sexually-propagated hybrids. Any character may 
be transmitted from one breed to another by 
grajling as well as sexual propagation. The be- 
haviour of vegetative hybrids in succeeding gen- 
eration is likewise analogous to the behaviour 
of sexually-propagated hybrids. When sowing 
seeds of vegetative hybrids, for instance, of toma- 
toes (without further grafting), the hybrid prop- 
erties of the plants of the preceding generation 
appear also in the plants of the subsequent gener- 
ation. The phenomenon of segregation, as it is 
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called, frequently met with in the offspring of sex- 
ual crosses, occurs also in the seed gencrations 
ol vegetative hybrids. But what is observed much 
more frequently, and in a much higher degree, 
among the latter is so-called vegetative scorega- 
tion, wlien the body of an organism is mosaic 
with regard to various characters. 

An example of interest lor purposes of demon- 
stration is the grafting of white-[ruited tomato 
cuttings upon red-fruited tomato plants. When 
the seeds were taken from the fruits of the white- 
Ilruited tomato twig the majority of the plants 
obtained in the first seed progeny bore red-col- 
oured fruits. In a minority of the plants the fruits 
were white or slightly reddish. In the second seed 
generation the vast majority of the offspring of 
white-fruited plants was white-fruited. Only a few 
plants here and there yielded fruits which were 
more or less reddish. As a rule most of the off- 
spring of red-fruited plants were red. But about 
20-30% of them were white-fruited. In general 
the same diversity is ubscrved as in experiments 
with analogous sexually-crossed tomato varieties. 

Of special interest is the behaviour of the 
third seed generation sown in 1942 in Frunze 
(Kirghiz $.S.R.) by Comrade J. E. Glushchenko, 
a researcher of the Institute of Genetics of the 
Academy of Sciences of the U.S.S.R. The seeds 
of the second seed generation were taken 
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from the Moscow sector of the Institute. On some 
of the twigs of part of these plants the fruits 
obtained were red (pink), on others white. There 
were several dozens of such plants. It is supposed 
that this property’can be perpetuated and that a 
form of tomato is possible in which the same 
shrub will yield white, red and pink ripe fruits. 

» Vegetative hyorids deserve particular atten- 
tion in studying the so-called destabilization of 
heredity. They are exceedingly plastic material 
Jor the further building up of new breeds through 
lhe injluence exerted by the conditions of culti- 
vation. Thus, for instance, the medium-maturing 
varicty of tomatocs named Best of All, when 
oraf{ted on the nightshade (a weed) brought about 
changes in a number of characters. A vegetative 
hybrid was obtained. Not one of the properties 
inherent in the Best of All variety of tomatoes 
remained unchanged. Comrade A. A. Avakian 
selected plants which even when propagated by 
seed produce fruits with vastly improved flavour. 
The shape of the tomato {ruit variety taken for 
grafting also changed. The vegetative hybrids ol 
these tomatoes produced forms which first ac- 
quired early maturity from the nightshade and 
subsequently, under the influence of the condi- 
tions of cultivation, becanie still earlier-maturing 
plants. We obtained ihe earliest cultivated toma- 
toes known to us. When these forms were seed- 
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Moreover, this body will resemble in one degree 
or another the properties of the breed which elab- 
orated the particular piastic substances. Iflow- 
ever, the new body in question will differ to a 
great extent from that breed. After all, the plas- 
tic substances of the red-fruilted breed were assiin- 
lated by the white-fruited breed diffcr:ntly from 
the way the red-fruited breed usually assimilates® 
them. Each breed builds its bady in its own way. 
The given example shows how the living body, 
by assimilating this or that Jood, changes itsel} 
biologically. These changes consist in the acquisi- 
tion of requirements for the condilions assim- 
ilated by the bady. 

In vepgetative hybridization experiments the 
scion reccives its loud from the tw:gs and roots 
of the stock. A scion has no roots of its own and 
most of its leaves are frequently gone (artificially 
removed). Usually, however, a plant obtains its 
food from its external, nonlivinge environment. 
The nutritive elements are extracted by the or- 
ganism from the environment electively. Only 
what is suitable to the nature, the heredity of the 
particular organism is taken. In the absence ol 
suitable conditions the organism is frequently 
compelled, as in vegetative hybridization, to as- 
similate more or less unsuitable conditions. Hence 
a body of a different structure is obtained. The 
latter requires for its growth and developinent 
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conditions which have been assimilatea for the 
first time, and perforce at that 

When the changed seeds of the vegetative 
hybrid obtained pn a grafted twig are sown in 
beds, they elect from the external environment the 
conditions which jn the final analysis are neces- 
sary for building ihe particular organism’s body. 
This body, however, is similar to the body first ob- 
tained as the result of the grafting, ie., owing to 
the enforced assinilation of unsuitable conditions. 

Thus if the scion was compelled to assimilate 
the plastic substances on account of which, as a 
result of a number of biochemical transforma- 
tions, the ripe tomatoes oblained are red, the 
sown seeds from these fruits will have a tendency 
to elect from the external ciuvirounient all the con- 
ditions which, in sum, ulfer numerous regular con- 
versions, will yicld ripe fruits of a red colouring. 

Thus, being an external element—jood—with 
regard to the scion, the plastic substances of the 
stock, ajler becoming a coniponent part of the 
scion’s body by mieans of asstinilation, change 
the scion’s heredilary properties. 

By analogy, as we sce things, the elemnents of 
inanimate nature, too, pass by ieans of an assim- 
lation which frequently is enforced from the 
plant’s external environinent to the component 
parts of the living body, become living elements 
and acquire the property of heredity. In future 
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generations these external conditions are re- 
quired by the living, developing body for the re- 
production of bodies similar to itself. 

These new elements of food are now required 
by the living body as a result of the processes 
that took place in the preceding generations, in 
consequence of the iticorporation of the new 
Clement of the external environment. As the ina-° 
niniate elenients of nature are assimilated by the 
living body they cease to be what they were not 
only externally but also in the strictly chemical 
sense, At the same time they acquire a pro- 
nounced biochemical affinity for, a gravitation 
toward, that form of the elements of the external 
which was inherent in them before the living 
body had assimilated them, before they had been 
transformed into that particular living form. 

By now much experimental material has ac- 
cumulated which demonstrates the possibility of 
directive change jn the heredity of plant organ- 
isms by bringing the conditions of life, the envi- 
ronmental conditions, to bear upon it accordingly. 
Vegelative hybrids are, in science, a transition 
stage, as it were, an intermediate link between 
changing the hered‘ty of plant organisms by 
crossbreeding and altering heredity by bringing 
the conditions o} lije to bear on ihe organism. 

The theoretical significance of mastering the 
process of obtaining vegetative hybrids is ob- 
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vious. These hybrids clearly show that the hered- 
ity of plant organisms can be changed by chang- 
ing their nourishment. More. The changes ob- 
tained correspond, are adequate, to the action oj 
the external environmental conditions. Thus the 
action of the plastic substances of the red-fruited 
breed of tomatoes changes the white-fruited breed 
lo the red-{ruited brecd. 

The action of the plastic substances of a to- 
mato breed with leaves resembling those of the 
potato plant changes the breed with dissected 
leaves into a breed with potato leaves, etc. 


ABOLITION OF THE CONSERVATISM 
OF THE NATURE OF ORGANISMS 


Our conception of the phenomenon of heredity 
enables us, through the action of enviroumental 
conditions upon plants, to elaborate methods of 
directively changing the nature of plant organ- 
isms, of enhancing their adaptation to conditions 
of cultivation in the fields. Thus, owing to their 
heredity, winter cereal plants cannot become 
vernalized, go through one of the phases of its 
development, if sown in spring when there is no 
lengthy period of tow temperatures. Hence they 
cannot bear fruit. But there are two ways by 
which they can be compelled to do so. The first 
way is to supply the winter plants with suitable 


6—775 8i 


low temperature conditions (approximately 
0°-10°C., above zero) for 30-50 days, depending 
upon the variety. After this the winter plants 
will be able to continue and complete their de- 
velopment under the usual spring and summer 
field conditions, The second way is to alter their 
nature, after which they will cease to be winter 
plants with regard to their heredity. In both 
cases the change in the development of winter 
plants in spring sowings must be brought about 
by the action of the corresponding thermal con- 
ditions. They will differ only in the following. 
In the first case when vernalizing the winter va- 
riety, plants or sceds that have just begun to 
germinale are afforded the low temperature re- 
quired by the nature of these organisms. There- 
fore the process of vernalization goes on nor- 
mally for the developinent of the winter plants. 
The changes are the usual ontogenetic ones 
(growth changes). The seeds of a crop of such 
plants have the same hercdity; they will possess 
the same winter habit as the seeds of the preced- 
ing generation. In the second case, at a certain 
moment during the passage through the phase of 
vernalization, the plants are afforded not the low 
temperature (near 0°C.) which they require for that 
particular process but the usual spring tempera- 
ture. Two alternative possibilities arise: either the 
process of vernalization will not take place alto- 
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gether, the plants will not complete, will not go 
hiough, the process of vernalization for Jack of the 
requisite thermal conditions and will therefore be 
unable to develop further; or the process of ver- 
nalization will take place, but under rather unsuit- 
able thermal conditions. These changed thermal 
conditions will cause the process of vernali- 
*zation to be completed differently from the way it 
would under normal conditions, i.e., when the 
temperature is low. It goes without saying that 
with the change in the process there will also be 
a change in the body, which is the result of this 
process. The entire further development of this 
body, though in external appearance indistin- 
ouishable from the development of the usual, nor- 
mal unchanged plants, will be different, as can 
readily be observed in the plants of the following 
generation. In order to pass through the phase ol 
vernalization the next generation's plants will 
tend to elect the conditions which were forced on 
the previous generaticn. Instead of winter plants, 
plants with a tendency toward the spring habit 
will be obtained. 

In the experiments relating to this question 
made in laboratories under our supervision by 
Comrade A. A. Avakian and other scientific work- 
ers of the All-Union Institute of Selection and 
Genetics, many hereditary spring forms have been 
obtained from winter forms. Hereditary spring 
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forms have been obtained from all standard vari- 
elies of winter wheat experimented on. On the 
other hand, quite a number of spring forms of 
wheat and barley have been converted into hered- 
itary winter forms. 

From the point of view of mastering the proc- 
ess of directing changes in the nature of organ- 
isms, ¢xperiinents in the conversion of winter 
forms into spring forms are of greater interest to 
the experimenter than the conversion of spring 
forms intg winter forms. Experiments ol the 
first kind are more convenient to perform and the 
results are more easily ascertained. One need only 
sow in spring the seeds taken from the experi- 
metital plants and the results are at once appar- 
ent. All plants which car normally clearly indi- 
cate that their hereditary winter habit has al- 
ready been altered to the spring habit. Hlowever, 
in experiments made to convert spring forms into 
winter forins it is difficult to discover changes 
even where the sowing material had been delib- 
erately changed. When such material is sown 
in spring the experimental plants will be practi- 

cally no different from the usual, unchanged 
spring forms because the acquired tendency to- 
ward the winter habit was not fixed. They will ear. 
If sown in autumn, a change in their nature will 
likewise be difficult to perceive even if the experi- 
mental plants pass the winter. After all, in many 
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cases even ordinary spring plants can endure 
winter in the absence of severe frosts. But when 
there are such frosts the slight conversion of 
spring forms into winter forms seldom saves these 
plants from the devastating effect of winter. The 
changes must be more powerful, but this can 
be accomplished only over several generations 

Experiments in the conversion of spring forms 
of grains into winter forms are, however, of great 
practical interest for obtaining winter-hardy vari- 
eties. There already are a number of winter forms 
of wheat and barley which were obtained from 
spring forms by means of training, by bringing 
the environment to bear on them. These forms are 
not inferior, and some are even superior, in point 
of forst resistance, to the most frost-resistant va- 
rieties used in practical farming. 

The science of agrobiology is confronted with 
the task of elaborating more atid more concrete 
methods of altering the heredity of plant organ- 
isms in the direction we desire. 

Let us briefly set forth the technique of trans- 
forming, through the action of environmental con- 
ditions, hereditary winter forms of cereals into 
spring forms and spring forms into winter forms. 
Winter forms, as is known, require a lIcngthy 
period of low thermal conditions to pass through 
the phase of vernalization. Spring forms do not 
require such conditions. 
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In order to transform winter forms into hered- 
itary spring forms the process of vernalization 
of winter forms must be acted upon not by low 
(near O°C.) temperatures but by the higher tem- 
peratures that occur in the fields in spring. Ac- 
cording to our thesis, if a change in the proc- 
esses takes place it will be adequate to the in- 
fluence exerted. 

In the next gencration all processes of devel- 
opment must be gone through anew, as it were, 
in the same form in which they went on in the 
preceding generation. In the preceding genera- 
tion, when not a Jow but a high tempcrature acted 
on the process of vernalization of winter forms, 
the process changed in accordance with the action 
of the temperature. Consequently, in the next suc- 
ceeding gencration the process of vernalization, 
which in the previous generation was traversed 
under the action of a higher temperature, will 
require the same conditions (a high temperature). 
This general proposition has been shown to be 
true in many experiments performed by us and 
many other scientific workers. However, despit2 
the correctness of this general proposition, the 
desired result is not certain to be achieved in 
every particular case. The concrete possibilities 
and methods of altering the nature of organisms 
must still be worked out separately in each in- 
dividual case. 
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In order to change winter plants to spring 
plants it is necessary to bring a high temperature 
to bear upon the process of the vernalization 
phase. But we ksow that in winter plants the 
process of vernalization does not take place when 
the temperature is high, or at least takes place 
very slowly. Winter wheat plants and the winter 
plants of other culturcs can grow for months 
under a high temperature without going through 
vernalization and consequently without changing 
this process. 

In practice many varieties of winter plants 
have been sown for many years on large areas in 
the beginning or middle of August, i.e., long be- 
fore the cold winter weather sets in. The lower au- 
tumn temperatures usually set in a month or two 
after the sowing season. Yet in crops thus sown 
winter plants never turn into spring plants. Ex- 
perimentally, too, winter plants can be kept for 
many months in a warm place (a greenhouse) but 
all the time they will, look like grass. They will not 
be able to become vernalized, will not come into 
ears. Consequently, the process of vernalization 
did not change when the temperature was raised. 
Winter plants do not ear in the absence of the 
low temperatures they require for the phase of 
vernalization. 

One may arrive at the erroneous conclusion 
(and the geneticists not infrequently do so) that 
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it is impossible to direct changes in the nature of 
organisms by bringing conditions of life to bear 
upon it. As a matter of fact, however, as our 
numerous experiments have shawn, winter plants 
can be converted into hereditary spring plants. 
Moreover, such conversion takes place only as a 
result of the action of high temperatures upon the 
process of vernalization, i.e., such temperatures | 
as usually prevail in the fields in spring. The 
cases in which winter plants are kept for a long 
time under high thermal conditions and no 
change in heredity is obtained merely go to show 
that the plants, or rather their process of ver- 
nalization, did not respond to these conditions. 
In the example we are analyzing, the plant 
organisms failed to respond to the influence 
brought to bear upon them because of the con- 
servatism of heredity. The experimenter is there- 
fore confronted with the task of finding better 
methods that will make it possible to induce 
the required action. A method already exists 
whereby a certain percentage of a hereditary 
spring form may be obtained trom hereditary 
winter forms of any variety of cereals. 
Experimental data and also a number of gen- 
eral biological observations have led us to con- 
clude that relatively high thermal conditions 
should be brought to bear on plants of winter 
habit with the ain of converting their heredity 
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into that of spring habit not at the beginning of 
the process of vernalization (and in general at 
no time during the process) but only at the end, 
upon its completion. This is what success in 
bringing influence to bear hinges upon. 

The usual duration of the process of vernali- 
zation in most winter grains, given low (0° to 
2°C.) thermal conditions, is 30-50 days, depend- 
ing upon the variety. 

The winter plants must be enabled to go 
through the process of vernalization at low tem- 
peratures i.e., at temperatures suitable to their 
heredity. But just before the process of vernaliza- 
tion ends, higher thermal conditions must be 
created, the plants must be provided with the 
usual spring conditions. Usually the process ol 
vernalization does not take place in winter plants 
when the temperature is high. But if high ther- 
mal conditions are created just before the com- 
pletion of the vernalization process the plants 
will finish this process, though slowly and pain- 
fully, if one may say so. All further development 
will proceed normally since in spring and summer 
the environmental conditions in the fields are 
suitable for this development. 

Experiments in the conversion of winter plants 
into spring plants were carried on as follows. 
Seeds of a winter variety were taken and, before 
spring field sowings became possible, different 
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portions of these seeds were vernalized for differ- 
ent numbers o!f days at temperatures usual for 
“winter plants. One sample of seeds was vernal- 
ized for 5 days before it was sown in the fields, 
another for 10 days, a third for 15, etc., up to 
40-50 days. All these seeds vernalized to different 
degrees were separately sown in the fields in beds 
al one and the same time early in spring. The 
plants grown from the samples of seeds that had 
been completely vernalized before ‘being sown in 
the fields developed normally, without delay on 
account of the vernalization stage (since that had 
already been gone through); they produced 
straws and spikes. However, the plants obtained 
from samples that did not quite complete the 
process of vernalization before they are sown 
finish it quickly if low temperatures prevail for a 
relatively long period under field conditions after 
the sowing in spring. If that is not the case the 
plants grown from secds that were not complete- 
ly vernalized before the sowing will be slow to 
finish the vernalization process. Such plants like- 
wise ear, but with more or less delay. These plants 
are the most interesting for the purposes of the 
above-mentioned experiment. It is from them that 
one most frequently succeeds in obtaining heredi- 
tary spring forms. Further work along the line 
of obtaining spring forms from winter forms 
therefore requires that the seeds be taken from 
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samples of plants not completely vernalized 
before the sowing but which finish the process 
of vernalization after the sowing, in spring, under 
field conditions. From the seeds of such winter 
plants one can obtain a certain percentage of 
hereditary spring forms. This was the way many 
spring lorms were obtained from all the winter 
varietics of wheat experimented with at the Insti- 
tute of Selection and Genetics of the Lenin Acad- 
emy of Agricultural Sciences of the U.S.S.R. 

It is thus clear that the hereditary winter 
habit can be changed to the spring habit. This 
change can be brought about by the action of 
high temperatures that suit the heredity of the 
vernalization stage of cereal forms called spring 
plants. This corroborates the correctness of the 
general proposition that a change in the heredity 
of any property corresponds to the action of the 
external environmental condilions. 

As has already been stated, not all seeds 
obtained from grafted plants produce hybrid 
plants. The percentage of hybrid plants secured 
depends on the ability ol the experimenter to over- 
come the resistance of the grafted breed and com- 
pel it to assimilate plastic substances to which it 
is unaccustomed. Analogously, spring plants will 
not be obtained from all seeds of winter-wheat 
plants taken from parent samples which were 
known to have assimilated. i.e., finished, vernal- 
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ization under high, spring temperature condi- 
tions. 
- In the majority of such cases what happens is 
something very much like the behaviour, during 
the spring sowing, of plants obtained from the 
usual, unchanged winter seeds. This takes place 
because when sowing seeds even from plants 
known to have been changed with regard to the 
vernalization stage one frequently obtains plants 
which do not yield spikes if sown in spring. 
Thus, in the spring of 1936, three winter vari- 
eties of wheat were drill-sown in the fields of the 
Odessa Institute of Selection and Genetics; the 
seeds were of the usual, unvernalized kind. It was 
an early spring, long and cool. Usually when win- 
ter plants are sown in spring they either do not 
ear at all that summer or ear very sparsely 
and late in the season. But the plants of the 
above crop of all three varieties (Novokrymka 
0204, Kooperatorka and Stepnyachka) eared uni- 
formly though late, and yielded a fairly good 
harvest. The seeds of all three varieties of this 
crop were drill-sown again in the spring of 1937 
in the open field without prior vernalization. As 
a variant of this experiment, seeds of the varieties 
in question taken from ordinary winter crops 
were all sown at the same time in one locality. 
One would expect that the plants of the winter 
variety obtained from seeds of the crop planted 
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in the spring of the preceding year (without pre- 
sowing vernalization) should in the new genera- 
tion (the 1937 spring sowing) ear more uniform- 
ly, produce a greater percentage of eared plants 
in comparison with the second variant. In actual 
fact, however, the opposite proved to be the case. 
With regard to all three varieties the plants ob- 
tained from seeds sown in spring for the first time 
yielded a percentage of eared plants which, on the 
whole, was small. Besides, the earing was much 
delayed. Yet the percentage was considerably 
greater than that obtained from the seeds resown in 
spring. However, the plants from the seeds sown 
the second time in spring eared much earlier. 

The result of this experiment patently demon- 
strates that the unusual termination of the process 
of vernalization in the winter plants of the 1936 
spring sowing by the use of unvernalized seeds 
definitely changed the nature of the winter plants. 
At first sight it may seem that the change which 
occurred was not in the direction of the spring hab- 
it, as it should have been, but in the direction of a 
still greater winter habit. After all, a smaller per- 
centage of earing plants was obtained on the plots 
sown in 1937 with these seeds than on the plots 
sown with seeds of the same varieties, but with 
seeds sown for the first time. As a matter of fact 
the change in the vernalization stage of plants of 
the 1936 sowing under analysis proceeded in the 
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direction of lessening the winter habit (the re- 
quirement that the process of vernalization be 
traversed at low temperatures). But many experi- 
ments show that when the old, long-established 
property of heredity, in the case under examina- 
tion the property of winter habit, is abolished, no 
established new heredity (in our case, the spring 
habit) has as yet been obtained. /n the vast 
majority of such cases one obtains plants possess- 
ing a so-called destabilized heredity. 

Plant crganisms are said to have a destabi- 
lized heredity when their conservatism has been 
abolished, when their capacity to elect external en- 
vironmental conditions has been weakened. Such 
plants, instead of retaining their conservative 
heredity, retain, or newly exhibit, only a tendency 
to give preference to some conditions over others. 

Heredity can be destabilized in the following 
way: 

1) by grajting, ie, by uniting the tissues 
of plants of different varieties; 

2) by subjecting plants to the influence of the 
environment at definite moments when they are 
undergoing developmental processes of one kind 
or another; 

3) by crossbreeding, particularly of forms 
sharply differing in habitat or origin. 

Much attention was paid by some of the best 
biologists—Burbank, Vilmorin, and particularly 


94 


*Michurin—to the practical value of plant organ- 
isms with destabilized heredity. Plastic plant 
forms with unestablished heredity, obtained in 
this or that way, must be planted from genera- 
tion to generation’ under conditions the require- 
ment or stabilization of which are to be induced 
in the particular organisms. 

Usually when a plant with a nondestabilized 
heredity lacks the conditions necessary for some 
process to take place, as, for instance, when the 
low thermal conditions required for the ver- 
nalization stage of winter plants are lacking, the 
process does not take place. The plant waits, as 
it were, for the requisite conditions to arrive. Ii 
the temperature drops at night the autumn-sown 
winter plants go through the vernalization stage. 
If the temperature rises in daytime the vernali- 
zation process stops until a lower temperature 
sets in, even if the interval lasts many days. 

But organisms whose heredity is destabilized, 
as for instance the progeny of the winter plants 
whose vernalization stage was completed not 
under low but under high, spring temperature 
conditions, do not possess an established heredity 
(requirement) but only a tendency to the condi- 
tions under which the vernalization process of the 
plants of the preceding generation was completed. 
{f no such temperature sets in, the process will 
not wait but will take place under whatever tem- 
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perature there is. Ordinarily, in the field, ther- 
mal and many other conditions, as a rule, vary, 
fluctuate. Owing to the conservatism of their he- 
redities plant organisms stubbornly and unswerv- 
ingly elect from their varying, [iuctuating en- 
vironment only what is needed for particular proc- 
esses to take place. But if the heredity is desta- 
bilized, not fixed, the process fluctuates, moves in* 
various directions, as they say. When the temper- 
ature is low it goes in one direction; when a 
higher temperature sets in, it takes another di- 
rection. As a result the process is not coordinat- 
ed. This explains the cases of failure to ear when 
winter wheat whose vernalization stage has been 
deliberately changed is sown in spring. They 
remain in the tillering phase not on account of 
their winter habit but because the different direc- 
tions which the vernalization process takes make 
it impossible in these cases for the process to be 
completed. 

For plants with changed, destabilized heredity 
the conditions of cultivation must be selected 
with skill. It must be remembered that these 
plants are frequently most susceptible to envi- 
ronmental conditions. Therefore it is necessary to 
provide, as far as possible, the conditions toward 
which it is desired to direct, to fix the heredity. 

In nature the evolution of plants and animals 
proceeds through random changes in the old he- 
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redity, through the fortuitous building and fixa- 
tion of a new heredity. In experimental as well 
as in practical farming the heredity of particular 
processes of plant and animal organisms can be 
made to undergo a directed change, and the 
building and perpetuation of the new heredity 
can be directed. 

To obtain hereditary spring forms from the 
seeds of destabilized winter plants, i.e., such as 
completed the vernalization stage at high tem- 
peratures, they must be sown in the field in 
spring at different dates, the first as early as pos- 
sible. This will make it possible for the vernaliza- 
tion process of the plants of this or that sowing 
date to coincide with the environmental condi- 
tions toward which they tend. Such plants ear 
quickly. The seeds taken from them will, as a 
rule, in their vast majority, produce offspring 
closely akin in behaviour to the spring forms. 
But the heredity of such forms will still be fixed 
to only a small extent. If the sowing conditions 
in spring are unusual (for instance, if the spring 
is too protracted and cold or too hot and short) 
these plants may deviate from the more or less 
established spring form of life. In general, after 
changing the heredity of the winter plants by 
bringing the spring thermal conditions to bear on 
the vernalization process at the time of its com- 
pletion, the heredity of the spring habit must be 
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fixed over a period of two or three generations. 
Only thereafter will the form be really established. 

- For practical purposes great importance at- 
taches in a number of districts of the U.S.S.R. to 
the conversion of spring cereal forms into win- 
ter-hardy winter forms and winter forms into 
more hardy, more frost-resistant forms. These 
experiments in no wise differ in principle from the 
experimental work performed in the cases already 
discussed relating to the conversion of winter 
plants into spring plants. Hereditary spring va- 
rieties are changed into winter varieties by sow- 
ing them late in the autumn. The spring forms of 
cereals are provided with low thermal condi- 
tions at the time they go through the vernaliza- 
tion process, a long period (autumn, winter and 
early spring). A repeated sowing of the seeds ob- 
tained from these plants in late autumn fortifies 
the new property of winter habit. Their require- 
ment of low thermal conditions for the vernaliza- 
tion process is enhanced. 

As the succeeding generations are sown from 
year to year under increasingly severe wintering 
conditions, cereal plants with still unestablished 
(destabilized) heredity of the vernalization stage 
will require low temperatures to an ever-increas- 
ing degree. They will acquire the property of 
increasing resistance to severe frosts. At present 
we have a number of good forms of winter wheat 
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obtained by various experimenters from spring 
wheats. These new forms are no less frost-resis- 
tant than the winter variety Lutescens 0329 of the 
Saratov Plant-Breeding Station, which is so far 
considered the most frost-resistant of all wheats. 

A. F. Kotov and N. K, Shimansky, research 
workers of the Institute of Selection and Genet- 
ics, obtained after several generations a winter 
form of wheat from the spring form Erythrosper- 
mum 1160 by means of late, prewinter sowing. 
When sown at the experimental base of the Lenin 
Academy of Agricultural Sciences of ‘the U.S.S.R. 
at Gorki Leninskiye, Moscow Region, and also 
on the experimental plots of the Krasnoutfa, Bar- 
naul and Semipalatinsk plant-breeding stations 
and elsewhere, this form proved itself a promis- 
ing variety for these districts. 

A point of interest here is the fact that the 
seeds of this wheat distributed in the autumn of 
1940 among the places indicated all came from 
one bag. But since this wheat is not yet estab- 
lished, is still highly plastic, it deviated at each 
place where it was grown in the direction of the 
conditions of life, of the conditions of cultivation. 
The conditions prevailing in each locality left 
their imprint upon this piastic, pliant form of 
plant. Under the severe wintering conditions in the 
districts of Siberia this wheat is becoming eacll 
year more and more frost-resistant, winter-hardy. 
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Comrade A. A. Avakian converted spring 
wheat Lutescens 1163 bred at the Institute of 
Selection and Genetics into a winter wheat by 
sowing it late in autumn. Today this wheat 
comes close to the most frost-resistant winter 
varieties in regard to its resistance to the inclem- 
encies of winter. A number of wheats which in 
{his respect excel the most frost-resistant Lutes- 
cens 0329 were obtained by converting natural 
Siberian windfalls of spring wheats into winter 
wheats. Thus, the wheat harvested by the kol. : 
khoznik Sekisov (Michurin Kolkhoz, Barnaul 
District, Altai Territory) already far surpasses 
the Saratov Lutescens 0329 in frost resistance. A 
number of other forms of winter wheat obtained 
from spring windfalls in Siberian plant-breeding 
stations also represent exceedingly promising ma- 
terial for growing highly winter-hardy varieties. 

Comrade Solovey, a scientific worker, ob- 
tained a winter form by the late autumn sowing 
of spring barley Pallidum 032 of the Odessa 
Station. Owing to the plasticity of this form it 
proved to be readily adaptable to rather severe 
wintering conditions. In our opinion this barley 
is now one of the most winter-hardy varieties 
among all the winter barleys known to us. It 
has already withstood quite well two winterings 
on a section of the experimental! base of the Acad- 
emy of Agricultural Sciences at Gorki Lenin- 
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skiye, near Moscow, and also at the Kazan State 
Plant-Breeding Station. Ordinary winter barleys 
do not survive the winter in these regions. 

The most interesting thing for practical farm- 
ing in these experiments is the fact that it is quite 
easy to increase from year to year the resistance 
of the above wheat and barley forms to frost 
and other tribulations of winter. Unestablished 
forms, forms not yet consolidated alter their he- 
redity was destabilized, can easily be altered to 
acquire increased resistance by bringing more and 
more severe wintering conditions to bear on them 
with each passing generation. The properties ac- 
quired from generation to generation will become 
more and more fixed. But the acquired properties 
can easily be lost if the material still unestab- 
lished during the first few generations is not han- 
dled skilfully. Let us cite the following instance. 
The winter barley which, as already stated, Com- 
rade Solovey obtained from spring variety Palli- 
dum 032 when sowing it in experimental plots 
located in the central zone of the Soviet Union 
has proved to be the most winter-hardy of all 
winter barleys we know of. In the spring of 1940 
some plots of the All-Union Agricultural Exhibi- 
tion were sown with samples of this barley. For 
some time it behaved like a winter form. The 
plants trailed on the ground; no straw (flowering 
shoots) developed. It was assumed that, being a 
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winter form, the plants of this barley could not 
pass through the vernalization stage under 
spring thermal conditions. However, as after- 
wards appeared, all plants on this 100-metre plot 
rapidly formed flowering shoots, eared well and 
yielded a good crop. This indicates that the he- 
redity of the winter habit had not yet become con- 
solidated in this form of barley. Having been 
sown in spring and having waited a while for 
cool thermal conditions to set in, which naturally 
did not happen, the plants went through a new 
type of vernalization, i.e., became vernalized as 
spring plants. The seeds harvested from these 
plants were sown in the autumn of the same year, 
1940, by Comrade Avakian on plots located at the 
experimental base of the Lenin Academy of Agri- 
cultural Sciences of the U.S.S.R. near Moscow. 
At the same time seeds of this variety taken from 
the exhibition sector of the 1939 autumn sowing 
were planted. It appeared that the plants from the 
spring-sown seeds of the preceding year with- 
stood the winter of 1940-41 incomparably worse 
than the variant obtained from the seeds of the 
crop sown in the autumn of 1939. The cultivation 
of only one generation of plants of the indicated 
barley variety under the conditions of spring sow- 
ing considerably weakened the property of win- 
ter hardiness of the offspring of these plants. On 
the basis of this example we showed that plastic, 
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unestablished plant jorms obtained in one way or 

another should be sown from generation to gen- 
eration only under conditions the requirement 
or stability of which, the hardiness with re- 
gard to which, must be induced in the particular 
plants, 

Plant organisms that are not yet established 
°in regard to their heredity, which are still desta- 
bilized, are in many cases very valuable material 
for the creation, by appropriate training, of forms 
-and varieties we need. At the present time prog- 
ress is being made in the creation of winter-hardy 
varieties of winter wheat for the districts of 
Siberia with their severe winters. Already note- 
wortny results have been achieved. Spring wheats 
that possess no winter hardiness whatever are 
being converted, by means of destabilization, of 
altering the vernalization stage, into frost-re- 
sistant wheats. Winter wheats are being convert- 
ed in this way at Siberian plant-breeding stations 
into wheats of increased winter hardiness, olf 
greater winter habit. 


THE SEXUAL PROCESS 
The sexual process is one of the most impor- 
tant in wild plant and animal organisms. All 


other processes are in actual fact subordinate 
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to it. Animals and the vast majority of plants 
reproduce sexually. 

When plant organisms are propagated asex- 
ually, vegetatively—by means of tubers, cut- 
tings, buds, etc.—these plants do not begin to de- 
velop de novo. They continue to develop from the 
stage reached by the tissue taken as the basis 
of the new organism. The sex cells, on the other. 
hand, provide a new basis of development, which 
in many cases completely repeats all alterations 
and conversions undergone in the preceding gen- 
crations. This property distinguishes the sex cells 
in principle from all others that can serve as the 
basis of an organism. When plant organisms de- 
velop from seeds one can easily observe how the 
tissue of the developing organism changes qual- 
itatively, beginning with the fertilized sex cell, 
how through a number of regular alterations and 
conversions ever new cells are created, tissues 
with their specific properties are differentiated and 
various organs develop. In general an ever new 
quality of the cells of the organism is obtained 
This quality is capable of being converted into a 
further quality, a new quality predetermined, as 
it were, by its ancestors, But it is incapable of be- 
ing converted into the old quality, the quality of 
the preceding cells that gave rise to the present 
ones. The sex cells, however, while new with re- 
gard to the asexual cells from which they in the 
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final analysis were formed, are at the same time 
largely and frequently exactly like the initial sex 
cells, ie., the old cells from which the entire de- 
velopment of the organism in question started. 
The sex cells represent the completion of the or- 
ganism’s cycle of development. At the same time 
they are the beginning of the development of new 
organisms, 

In this light the great biological significance 
of the sexual process in the evolution of plant and 
animal forms becomes intelligible. 

Natural hereditary changes, departures from 
the norm in plants and animals are, as a rule, 
enforced changes. They take place because the 
conditions of life are not suited to the develop- 
mental requirements oj the various organs, char- 
acters and processes in general of plant and 
animal organisms. It has already been pointed 
out that in sexual propagation development be- 
gins de novo. Therefore conditions which were in- 
appropriate, unsuitable to a particular process of 
the preceding forms, become normal and requi- 
site for the new generation. 

Changes in the conditions of life, in environ- 
mental conditions, are, as a rule, independent of 
specific animal and plant forms. If plants and 
animals possessed the properties of infinite indi- 
vidual life they would, in popular language, be 
having a hard time of it all their lives. The exter- 
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nal conditions, which are always changing at one 
time or other, would never suit, correspond to 
the requirements of the organisms. In other 
words, owing to changes in climate and in the 
conditions of life in general, org’anisms with very 
prolonged individual lives are inconceivable in 
free nature. Evolution, the increasing complexity 
of plant and animal forms, is possible only be- 
cause all living forms have a succession of gener- 
ations. It is a very noticeable fact that the short- 
er the normal individual life of plants and ani- 
mals the greater adaptability to the changing en- 
vironmental conditions which the species of these 
organisms possess. Microorganisms with brief 
spans of individual life adapt themselves to the 
changing conditions of life most easily. 

Another very important biological property of 
sex cells may be reduced to the following: The 
sex cell is biologically (but not chemically) the 
most complex of cells. In it the potential heredi- 
tary properties inherent in the whole organism 
are expressed in a higher degree than in any 
other cell of the organism. 

The entire course of development traversed 
by the organisms of the preceding generations is 
accumulated, as it were, in the sex cells. From 
these cells development starts de novo. What 
takes place may be described as the unwinding 
from within of a chain of numerous changes 
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and conversions which were wound up in preced- 
ing generations. We have already pointed out 
that this unwinding of past processes goes on only 
by winding up the processes for the future gener- 
ation. The development takes place solely 
through metabolism, through assimilation and 
dissimilation, and this is the creation of the foun- 
dations of the future generation. 

In the vast majority of plants and animals 
new organisms arise only after fertilization—the 
fusion of male and female sex cells. The biologi- 
cal significance of the processes of fertilization 
consists in the fact that organisms with a dual 
heredity are obtained, maternal and paternal. 
The dual heredity calls forth greater vitality (in 
the direct sense of the word) of the organisms 
and greater adaptability to the varying conditions 
of life. 

The internal forces, the properties of the body 
itself to live, to be altered and transformed, con- 
stitute the impulse of development. Much prac- 
tical and experimental material can be offered 
as cogent proof that fertilization, the crossbreed- 
ing of even slightly differing forms of plants or 
animals, produces more viable offspring. Con- 
versely, prolonged self-fertilization, self-pollina- 
tion in plants and the pairing of closely-related 
animals leads to an attenuation of life. Normal 
vital internal contradictions, the vital impulse, is 
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created, and likewise is renovated from time to 
time in the plant and animal world in the vast 
majority of cases by means of crossing, of ferti- 
lization, by means of a sexual union of forms ol 
plants and animals which differ at least slightly 
from each other. 

All ordinary (asexual) cells divide in two 
upon completing their development; this is the: 
way cells multiply and the body grows. However, 
sex cells not only do not divide in two upon com- 
pleting their development but, on the contrary, . 
normaly from two sex cells—a female and a 
male—one cell is obtained, usually a more viable 
one than any of the other cells. 

Both the female and the male sex cells fully 
possess the properties of their breeds. Breeds dif- 
fer to a greater or smaller extent. After the zy- 
oote is obtained, i.e., after the female sex cell is 
fertilized, a single cell is formed, the basis of the 
organism in which all the breed properties of 
both initial forms are represented. It is on the 
basis of the contradiction arising between the two 
united but relatively different sex cells that the 
internal vital energy, the property tending to al- 
teration and conversion, arises and gains in in- 
tensity. It is this that determines the biological 
necessity of crossing forms that are at least 
slightly different from each other. Darwin repeat- 
edly emphasized in his works that the usefulness 
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of crossbreeding and the biological harm of self- 
fertilization are a law of nature. 

Renovation, intensification of vitality of plant 
forms, can also proceed in a vegetative, asexual 
way. It is attained by the living body assimilat- 
ing new environmental conditions that are unu- 
sual for it. Such cases are usually rarer in na- 
‘ture. Nevertheless, a number of plant forms might 
be cited which for a lengthy period, actually for 
the duration of all time known to history, have 
‘been reproducing vegetatively only and all the 
same are not losing their vitality, their internal 
impulse, In experiments in vegetative hybridiza- 
tion, either to obtain spring forms from winter 
ones or winter forms from spring ones, and in a 
number of other cases of the destabilization of 
heredity, one may observe a renovation, an inten- 
sification of the life of organisms by the inclu- 
sion in’ their bodies of new conditions that are 
unusual for them. 

The conception of the process of fertilization 
generally accepted in the science of genetics 
seems wrong to us in many respects. Cytogeneti- 
cists draw their picture of the processes of fertili- 
zation from looking into the microscope at the 
Slide where cells in various states of development 
have been fixed. Everything visible is jotted down 
and what is not visible is drawn from imagina- 
tion, is conjectured in the light of the conception, 
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the theory of heredity propounded by the Mendel- 
ist-Morganists. The cytogeneticisls proceed from 
the idea that heredity is a special substance dil- 
ferent from the ordinary body+and contained in 
the chromosomes of the cell nuclei. According to 
their conception the heredity confined in the chro- 
mosomes of the male sex cell nucleus and the he-. 
redity concentrated in the chromosomes of the 
female sex cell nucleus unite mechanically to 
form a single cell. The chromosome substances 
do not blend either in the biological or even the: 
chemical sense. The chromosomes in the male sex 
cell introduced into the nucleus of the female sex 
cell remain there in the form in which they were 
and still are in the cells of the paternal organism. 
This postulation of the cytogeneticists is based 
on the fact that some time after fertilization dou- 
ble the number of chromosomes—the sum of the 
chromosomes of the fernale and the male sex cells 
—are observed under the microscope in the zygote 
(the fertilized sex cell). The entire conception of 
the process of fertilization has been built up by 
the cytogeneticists on this notion. Such a concep- 
tion is absolutely unacceptable, especially to 
biologists. It corresponds neither to the sexual 
process nor in general to any biological process 
whatsoever that goes on in the living body. 
Already Darwin pointed out that when veg- 
etative hybrids become possible, physiologists 
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will have to change their views on the sexual proc: 
ess radically. In actual fact, in the light of the 
mass of factual material on vegetative hybridiza- 
tion, the questiog of the essence of the fertiliza- 
tion process must be stated anew. In the first 
place fertilization—the union of two cells in one 
—is not a simple fusion of two cells physically 
not even soluble in each other. There is not a 
single normal process in the living body which 
does not represent an alteration or conversion, 
i.e., which is not an assimilation-dissimilation 
reaction. 

The Mendelist-Morganists have actually taken 
away from the physiologists, and the latter have 
turned over to them, the examination of the prob- 
lem of fertilization. All processes in the organism 
are transformations—metabolism, The process of 
fertilization is the only exception, in the opinion 
of formal science, and therefore the examination 
of it is not within the purview of physiologists. 
The geneticists deny that the sexual process is 
metabolism, is a process of assimilation and dis- 
similation. According tothe conception entertained 
by the geneticists a special body, the hereditary 
substance, is concentrated in the chromosomes 
of the cells. The laws goveriing the life of this 
body are different from those governing the ordi- 
nary body. The hereditary substance is not sub- 
ject to ordinary metabolism; nothing can be in- 
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cluded in or exchuded from it. The hereditary sub- 
stance is transmitted unchanged from generation 
_ to generation. In rare iristances it may be lost, 
may perish; in rare instance, for unknown rea- 
sons, it appears de novo (mutations). Heredity 
is concentrated in the nuclei of the sex cells. That 
explains why the study of the development of sex 
cell nuclei has passed, during the last few dec- 
ades, into the hands of the formal science of hered- 
ity, into the hands of the Mendelist-Morganists. 

The numerous experiments performed dur- 
ing the last few years in the mass production of 
vegetative hybrids, and the transmission of their 
propertics to their progeny sexually, fully entitle 
us to regard fertilization as an ordinary physio- 
logical process, Like any biological process, fer- 
tilization, the union of two sex cells, may be re- 
duced to assimilation and dissimilation. 

The fundamental distinction between fertiliza- 
tion and all other biological processes is as fol- 
lows. In any physiological process one of its as- 
pects assimilates, the other is assimilated. The 
assimilating body builds itself from food, start- 
ing with the elements drawn by plants from the 
external environment and ending with ready 
plastic substances. The assimilated substances 
serve aS building material for the assimilating 
component. In the sexual process, however, when 
two cells of equal standing, so.to say, unite, they 
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‘mutually assimilate each other. Each one builds 
itself in its own way frdém the substance of the 
other. Jn the final analysis neither of the two cells 
remains and a third, a new one, is obtained, one 
in place of the two. 

The Mendelist geneticists hold up the alleged- 
ly always existing multiple relations in the var- 
iation of hybrid offspring in the second and lat- 
er generations as one of the principal proofs that 
heredity is particulate (corpuscular). They as- 
cribe to each character and property of a living 
body a certain’number of particles (genes) of 
the hereditary substance located in the chromo- 
somes. 

In fertilization, when two sex cells unite for 
every property, a double set of particles is 
obtained in the fertilized sex cell: one paternal 
and the other maternal. 

To make this clear let us cite the classical 
example of Mendelist geneticism, the crossing of 
two forms of peas which differ, for instance, in the 
colour of their blossoms. Chromosomes containing 
particles (genes) of the hereditary substance which 
determine the red colour unite on fertilization in 
one nucleus with chromosomes containing genes 
of white-coloured blossoms. When the fertilized 
cell divides, each of the chromosomes, the mater- 
nal and the paternal, likewise divides, length- 
wise, into two parts of equal value. The chromo- 
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somes move to the poles of the dividing cell, one of 
each pair to each pole.-According to this concep- 
tion all the cells of a hybrid organism possess in 
their pure form an equal quantify of both the pater- 
nal and the maternal hereditary substance. The re- 
sult is different in reduction division, which occurs 
in animal organisms at the time sex cells are form- 
ed and in plants before they are formed. The chro-’ 
mosomes do not split lengthwise but form pairs 
of homologous paternal and maternal chromo- 
somes, then separate and go to the different poles., 
The cells obtained contain only either the pater- 
nal or the maternal chromosome of each pair. 

The geneticists are of the opinion that the 
chromosomes of each parental form in the hy- 
brid cel] do not lose their properties, their individ- 
uality. They are there in their pure paternal or 
maternal form. At the reduction division, when 
from each homologous pair the paternal chromo- 
some goes to one pole of the dividing cell and 
the maternal chromosome to the other, a pure sex 
cell (gamete) - nonhybrid as regards the proper- 
ties whose genes are located in the particular 
chromosome, is obtained. 

Thus, in the example we have taken of cross- 
ing white-coloured with red-coloured peas half 
of all sex cells will have a chromosome with a 
red-colour gene or genes while the other half will 
possess a chromosome with hereditary particles 
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of white-coloured blossoms. When such hybrid 
plants are selfed the male sex cells, according to 
the calculus of probability, may unite with the 
female sex cells, ive., the egg cells, in three com- 
binations. 

First combination: A male sex cell possessing 
ea red-blossom gene may unite with an egg cell 
also containing a chromosome with a red-blos- 
som particle (gene). A zygote is obtained whose 
hereditary substance has only the red-blossom 
* character. 

Second combination: A male cell having the 
hereditary substance of the white-blossom proper- 
ty unites with an egg cell which likewise pos- 
sesses the white-colour property. A zyyote is ob- 
tained possessing the hereditary property of white 
blossoms only. 

Third combination: A male sex cell containing 
the substance which conditions red blossoms 
unites with egg cells possessing the white-blos- 
som property. A zygote is obtained that has a dual 
heredity, both red- and white-coloured blossoms. 
The same happens when male white-blossom cells 
unite with female red-blossom cells. 

In general, self-pollination of the indicated 
hybrid pea plants produces the following zygotes: 
25% with pure red-colour heredity, 25% with 
pure white-colour heredity, and 50% with dual 
heredity. With regard to the hereditary blossom- 
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colour characters the following ratios are ob-. 
tained:1! red:2 hybrid:1 white. 

It has long been known that in crossing dif- 
ferent forms of peas and many other plants having 
red and white blossoms the vast majority of hy- 
brids obtained have red blossoms. The same was 
observed by Gregor Mendel in his pea-crossing 
experiments. This phenomenon came to be called 
the dominance of one hereditary property over 
another, a contrasting property. 

On the basis of the reasoning we have set” 
forth the Mendelists arrived at the conclusion that 
in crossing red-blossom with white-blossom peas 
there should always be 75% (25% pure -+ 50°/o 
hybrid) red plants and 25°/opure white plants in 
the second hybrid generation. The relation of red 
to white plants should always be 3:1. 

This “pea law,” as Michurin aptly calls it, the 
Mendelists force upon all living nature. The fact 
of the matter is, however, that it is untrue even 
for the pea hybrids, including the actual material 
obtained by Mendel himself in his experiments. 
Even in Mendel’s experiments different offspring 
of particular hybrid plants varied far beyond the 
ratio of 3:1. Thus from the offspring of one plant 
20 green seeds were obtained for 19 yellow ones 
and from another plant only 1 green for 30 
yellows. 
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CATEGORIES, GROUPS AND FORMS 
OF HEREDITY 


The various behaviours of hybrids were cor- 
rectly classified by K. A. Timiryazev. He started 
out by dividing the phenomena of heredity into 
{two groups: simple and complex heredity. 

It is a known fact that self-pollinating plants, 
as, for instance, wheat or plants propagated by 
tubers, cuttings, layers, etc., as a rule possess 
throughout their development the heredity of the 
maternal form, i.e., the form from which the 
seeds, cuttings, etc., are taken. This form of in- 
heritance K. A. Timiryazev called simple. 

On crossing, the heredities of two organisms 
usually unite. Such heredity is called complex, 
i.e., dual. It in turn may be subdivided into sev- 
eral groups according to the forms in which it 
manifests itself. 

In some animals, for instance, one patch in the 
pelage resembles the paternal form in colour, an- 
other the maternal; or some cells of the epider- 
mis of a leaf resemble the paternal while others 
the maternal, etc. This heredity is called mixed 
because one part of the organism manifests 
characters of the one parent and another of the 
other parent. These parts, or sections, may be of 
different sizes, from big to microscopically small. 

Most frequent are the cases when the hered- 
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itary properties of both parents are blended in 
the offspring (do not manifest themselves in their 
pure form), when new properties are obtained in 
the progeny. Such heredity Timiryazev called 
blended, and considered it the most important. 

Cases occur when parental characters ex- 
pressed in opposite ways are not blended in the 


hybrid offspring. For instance, whencrossing a pea — 


variety naving green seeds with a yellow-seed va- 
riety these characters do not blend in the off- 
spring. Nor is a new or mean property obtained. 
The property obtained is that of only one of the 
parents. The property of the other is excluded, so 
to say. This form of heredity is called mutually 
exclusive. 

Two categories may be observed in mutually 
exclusive heredity. 

One of these categories comprises the cases, of 
hybrid organisms that are homogeneous in the 
first and all subsequent generations. In other 
words, the hybrid progeny does not become hete- 
rogeneous, segregated, in the course of genera- 
tions; not infrequently the properties of the one 
parent are completely absorbed by the other. 
These cases are called Millardetism, after the 
French scientist by that name who studied this 
category of hybrids quite fully. 

The other category of mutually exclusive he- 
redity comprises cases of so-called Mendelism. 
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Timiryazev himself pointed out that those are iso- 
lated instances, which occur only under definite 
conditions and actually were not discovered by 
Mendel at all. In those cases, beginning usually 
with the second generation, segregation, diver- 
sity, occurs in hybrids, some forms having pater- 
nal and others maternal characters. 

° Today it is clear that all the diverse forms of 
heredity are possible also in vegetative hybridiza- 
tion. 

Vegetative hybrids exhibit mixed heredity 
when one part of the organism is represented by 
the properties of one breed, of the one component, 
and the other part by those of the other breed. 
Blended and mutually exclusive heredity are also 
encountered. 

In vegetative hybrids we also have either in- 
crease in vigour of development or, on the contra- 
ry, decrease in viability, i.e., the same as we have 
in sexual hybridization. 

All this does not mean, of course, that there 
is no difference whatever between vegetative and 
sexual hybridization. The important thing to em- 
phasize is, however, the fact that vegetative and 
sexual hybrids manifest common forms of hered- 
ity. Neither of these categories of phenomena are 
seplarated from each other by an impenetrable 
wall but represent phenomena of one and the 
same order. 
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It has already been pointed out that from the 
stand they take the Mendelist-Morganists cannot 
admit the existence of vegetative hybrids. What 
defied all refutation they classed as incomprehen- 
sible, inexplicable phenomena called chimeras. 

In actual fact the so-called chimeras may be 
looked upon as manifestations of mixed heredi- 
ty, one part of the organism exhibiting the prop- 
erties of the one component and the other part 
those of the other component. This phenomenon 
is analogcus, for instance, to the case of a pie- 
bald or spotted cow one spot of whose hide is 
coloured like that of the maternal organism and 
another spot like that of the paternal one. Who 
would ever think of calling a spotted cow a chi- 
mera? 

The facts in possession of Soviet agrobiolo- 
gists are a sufficient basis for evolving a single 
effective theory of heredity which will fully meet 
the requirements set forth by K. A. Timiryazev: 
to serve as “a general working hypothesis, i.e., 
an instrument for directing the research neces- 
sary for the discovery of new facts, new genera- 
lizations.” 

In vegetative hybridization one component is 
nourished by the other; they enter into metabolic 
relations with each other. As a result of such 
interaction between the plants of two breeds a 
new organism is obtained combining in some 


120 


measure (depending upon the conditions) the 
heredity of both components. 

The same stand may, in our opinion, be taken 
with regard to sexual hybridization, which is 
also @ process of nietabolic interchange between 
the fusing components (cells) of the cross. 

If vegetative and sexual hybridization are 
phenomena of the same order, it follows that they 
must have a common basis. This consists in the 
fact that both vegetative and sexual hybridiza- 

. tion are processes of reciprocal assimilative ac- 
tivity of the components as a result of which the 
hybrid product is elaborated. 

When looked at in this light Michurin’s 
teaching acquires particular interest. By suitably 
preparing the organisms and giving them the 
necessary nutrients Michurin compelled forms 
which without this were biologically incom- 
patible to crossbreed. He worked out a method 
of overcoming inability to cross by which each 
of the components of the cross is fed the products 
elaborated by the other. This method is a prelim- 
inary vegetative approximation. By selecting 
the conditions of life, the regime of feeding, the 
sexual process may be changed, directed, thus 
creating the prerequisites jor the absorption of 
the hereditary properties of the one component 
by the heredity of the other. Michurin also proved 
that the hereditary properties of hybrid trees 
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continue to form during the course of their indi- 
vidual lives until the first few years of bearing. 
-The deviation of particular properties of the 
hybrid toward either component of the cross de- 
pends on how the hybrid is nourished. 

From this follow the interconnection and 
mutual transitions that exist between vegetative | 
and sexual hybridization, on the one hand, and 
between vegetative hybridization and the influence 
of environmental conditions, on the other. 

In this connection the following fact, interest- 
ing from the point of view of theory and general 
biology, should be adduced. It was repeatedly 
observed several years ago in experiments con- 
ducted by Comrade A. A. Avakian at the Odessa 
Institute of Selection and Genetics and sub- 
sequently in the greenhouses of the experimental 
base of the Lenin Academy of Agricultural Sci- 
ences of the U.S.S.R. (Gorki Leninskiye). 

The reference is to the following phenomenon. 
On crossing Hostianum 0237, a winter wheat, 
with spring wheat 1160 and 1163 (the latter two 
wheats being full sisters), the seeds obtained 
were normal. At first sprouts normal in their ex- 
ternal appearance developed from them. But 
when the third leaf appeared the first shrivelled 
up. As soon as the fourth appeared the second 
shrivelled up. All the time only the last two leaves 
remained alive on the plant. In the end the 
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plant perished. Thousands of such plants were 
under experiment at one time or another and not 
one of them lived long enough to ear; all died. 
The Mendelist-Mprganists would attribute such 
a phenomenon to the action of lethal genes. But 
they would have nothing to offer wherewith to 
combat this action. They would declare it fatal, 
irresistible, and would endeavour to show that 
in such cases there is only one solution: don’t 
take for crossbreeding plant or animal organisms 
that have lethal genes. Yet a cross of the same 
combination, Hostianum 0237 and 1160, pro- 
duced hybrids which vegetated splendidly in these 
very same greenhouses and yielded viable, non- 
perishable plants. The point is that one of the com- 
ponents (paternal form 1160) is a spring variety, 
but for two generations before crossing it was 
sown in Odessa, not in spring but in the autumn. 
Then a cross was effected. This proved sufficient 
to obtain viable offspring. A different rearing 
of wheat 1160 altered the plant’s sex cells; hence 
the difference in the result of hybridization. 

In other experiments made by Comrade Ava- 
kian castrated Hostianum 0237 plants were ferti- 
lized with a mixture of pollen of the Erythro- 
spermum 1160 variety and of Hostianum 0237, the 
maternal form. The plants bred from the seeds 
obtained were of hybrid origin. They were spring 
plants while the maternal form was a winter 
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plant. But these plants too proved viable, nonper- 
ishing. Thus the presence of pollen of the mater- 
nal form, in the case in question Hostianum 0237, 
influenced the result of fertilization with Erythro- 
spermum 1160 pollen. The offspring obtained were 
not lethal, as is usual in such a cross, but viable. 

Michurin, too, pointed out the expedience in 
certain cases of mixing pollens. By this means. 
he succeeded in crossing species and genera 
which otherwise could not cross. 

All these facts show once more that fertiliza- 
tion, like vegetative hybridization, is a peculiar 
process of assimilation, of metabolism. 

The categories of phenomena connected with 
cross-pollination also argue in favour of such a 
conception of the sexual process, As Darwin 
proved irrefutably, cross-pollination is, as a rule, 
good jor the organism. Offspring from seeds ob- 
tained by means of cross-pollination possess 
greater vitality. According to the explanation 
given by Darwin, different organisms developing 
under relatively different conditions build them- 
selves differently from the environing nutrients. 
Relatively diflerent organisms are obtained and 
hence also different sex cells. A union of such sex 
cells differing somewhat in their heredities pro- 
duces more viable organisms. This is the proposi- 
tion ion which the measure we propose, intravari- 
etal crossing of self-pollinating field crops, rests. 
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The basis for intravarietal crossbreeding is 
elective fertilization. It has been pointed out above 
that each organism, depending upon its breed, 
iis heredity, requires relatively definite conditions 
for its life and development. An organism usu- 
ally does not imbibe nutrient elements that are 
bad for it, if better elements are available. Herein 
‘lies the historically evolved adaptability of organ- 
isms, Every process in an organism is endowed 
with relative elective capacity with regard to 
conditions. In spite of the assertion of the Men- 

‘delists to the contrary the sexual process is no 
exception in this regard. 

The study of elective, free fertilization in 
plants is of great practical and theoretical impor- 
tance also for an understanding of the laws 
governing the behaviour of hybrid offspring. 

At the Odessa Institute of Selection and 
Genetics D. A. Dolgushin performed the follow- 
ing experiment: On the plots assigned for the 
testing of varieties of winter wheat several dozen 
spikes taken from each of the twenty varieties ex- 
perimented with in this crop were castrated in 
1938. The castrated spikes were given the oppor- 
tunity of being pollinated by the pollen of any va- 
riety. For each castrated flower there was many 
times more pollen of other varieties than there 
was of the uncastrated plants of its own type. 

In the first generation the seeds obtained 
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from the castrated spikes produced plants whose 
only point of distinction was somewhat greater vi- 
tality, greater vigour than that of the maternal 
forms sown alongside. All these plants (except a 
small percentage) showed no morphological differ- 
ences from the maternal forms, though some of 
the latter had recessive characters (for instance, 
awns, white spikes, etc.). In all the twenty vari-° 
eties the plants of the second generation obtained 
from the free, elective intervarietal crosses with- 
stood the inclement winter of 1939-40 better than 
the maternal forms. 
The wheat assortment taken included the 
most frost-resistant variety, Lutescens 0329. Ac- 
cording to Morganist conceptions this wheat 
could not acquire greater hardiness from any- 
where on being pollinated by the other varieties 
inasmuch as all the other varieties undergoing 
the test were considerably inferior to it with re- 
gard to this particular property. It is also of inter- 
est to note that in free, elective intervarietal cross- 
breeding not a single variety of inferior winter- 
hardiness, like the Kooperatorka, increased its 
hardiness to any great extent. But in artificial 
(enforced) crossing of Kooperatorka with more 
frost-resistant varieties the hybrids, as a rule, con- 
siderably surpass the Kooperatorka in hardiness. 
This and a number of similar experiments 
show that frequently in elective, unrestricted fer- 
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tilization of plants seeds are obtained which pro- 
duce plants differing little from the maternal type 
but unfailingly (though not to a great extent) 
more vital, more rasistant to climatic inclemencies. 

In our view free, unrestricted, elective fertili- 
zation in plants leads, as a rule, to the almost 
complete absorption of one heredity by another. 
"Much more often than not the maternal heredity 
absorbs the paternal. We repeatedly observed 
this phenomenon in experiments with self-polli- 
nating plants, as for instance in the free wind- 
pollination of castrated wheat with the pollen of 
various other strains. The same result was ob- 
tained in experiments with cross-pollinated plants 
—rye. J] shall refer to an experiment which Com- 
rade Avakian made at the Institute of Selection 
and Genetics of the Lenin Academy of Agricul- 
tural Sciences of the U.S.S.R. Strips 0.5 metres 
wide and 20 metres long were sown to Spring 
rye, alternating with various winter varieties. At 
a distance of 3-4 metres from these strips a strip 
© metres wide was sown to Pullman, a variety of 
winter rye, The plants of all the varieties that 
were included in the experiment (both winter and 
spring varieties) flowered simultaneously. Hence 
the air contained simultaneously a mixture of 
pollen from all these varieties. On testing the 
offspring it was found that all winter varieties 
produced more than 90% winter plants. For 
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example, the Pullman variety produced no more 

than 1.5% spring plants; all the rest were winter 

plants, as is usual for this variety. On testing 

three generations the offsprigg of the spring 

variety similarly proved to be almost exclusively 

spring plants. Only a few solitary plants were of 

the winter habit. The preservation in the offspring 

of the maternal plant forms in such experiments® 
can under no circumstances be explained solely 

by the plants electing the pollen of their own 

variety. Here undoubtedly there were also such - 
phenomena as the almost complete absorption, 

assimilation, of one heredity by another, i.e., the 

maternal heredity absorbed, assimilated the 

paternal heredity. 

From this point of view it is easy to under- 
stand the facts observed: prolonged stability of 
varieties (for instance, annual varieties) of 
cross-pollinated plants in free nature. They can 
be freely pollinated by the wind or insects with 
the pollen of other varieties closcly related to 
them and growing together with them. Never- 
theless, year after year, the plants, within the 
limits of the variety in question, are, as a rule, to 
outward appearance, of the same form, relatively 
speaking. At the same time they differ from the 
other varieties growing together with them. You 
need only collect seeds of a wild-growing isolat- 
ed plant of a particular variety (for instance, 
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white poppy), which was surrounded by plants 
of another variety (red poppy) and sow these 
seeds, when, as a rule, you obtain, in a consider- 
able majority, plants of the maternal form and 
only a minority can exhibit the properties of 
mixed breeds (hybrids). Such experiments with 
the sowing of seeds of various wild plants were 
“performed by Comrade E. M. Temirazova at the 
experimental base oi the Lenin Academy of Agri- 
cultural Sciences, near Moscow. 

It is known that in the vast majority of the 
numerous crosses performed by geneticists and 
at plani-breeding stations plants with hybrid 
properties are obtained. In the course of genera- 
tions these plants show variation (segregate) to 
a greater or smaller extent. Proceeding from the 
principles underlying the theory that the heredi- 
tary substance is corpuscular (particulate), the 
Mendelian geneticists assert that the products of 
any cross between forms that differ from each 
other are ‘bound, in the course of generations, to 
result in segregation, i.e., are bound to separate 
into paternal and maternal characters, and, 
moreover, in the ratio of (3:1). But in actual fact 
such a separation is not at all necessary, neither in 
elective nor artificial crossbreeding. 

We are in possession of numerous facts which 
eo to show that when castrated flowers are inten- 
tionally pollinated with alien pollen, seeds are 
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obtained from which seemingly pure maternal 
plants grow. The latter, in their turn, in the suc- 
ceeding generations also produce purely mater- 
‘nal forms. The same results ‘were obtained by 
Comrade P. N. Yakovlev on a section of the 
Michurin Central Genetic Pomological Labora- 
tory. The castrated flowers of Cerasus Bessey | 
Bail were pollinated with the pollen of the peach.” 
The stones obtained afler sowing produced plants 
differing in no wise from Cerasus Besseyi. 
It was conceivable that in the case in question. 
the plants were not hybrid because of bad cas- 
tration. Although Cerasus Besseyi cannot be fer- 
tilized with its own pollen, the flowers on sepa- 
rate branches of these plants were castrated 
anew and pollinated a second time with peach 
pollen. The offspring obtained the second time 
also could not be distinguished in any way from 
the maternal form. 

Six generations of hybrids were successively 
castrated and pollinated with peach polien. Only 
in the fifth generation two samples with charac- 
ters of the paternal form—peach—were found 
among the many plants obtained as a result of 
planting the stones of such crosses. 

Many other cases may be mentioned, for in- 
stance, the crossing of currants with gooseber- 
ries, apples with pears, etc., where the influence of 
one of the parents (usually the male) is frequent- 
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ly almost entirely absent in the offspring. To 
“explain” such cases as instances of partheno- 
genesis, i.e., the obtaining of seeds without a 
_process of fertilizftion, is beneath all criticism. 
The plants referred to will not yield seeds parthe- 
nogenetically. 

The ineptness of “explaining” cases as par- 
thenogenesis where the heredity type of one of the 
parents predominates is most patent when the 
organism obtained in the cross deviates entirely 
in the direction of the paternal and not the mater- 
nal form. 

In an experiment conducted by Kh. K. Yenike- 
yev at the Michurin Central Genetic Pomological 
Laboratory, a 16-chromosome American plum, 
Cheresota, was crossed with a 48-chromosome 
Michurin plum varicty, Reine Claude Reforma. 
The 16-chromosome plum was taken as the 
maternal form and the 48-chromosome as the 
paternal. The plant obtained from this cross had 
the paternal habitus, including the 48 chromo- 
somes, i.e., aS many as the paternal plant has. 

All these examples clearly attest to the diver- 
sity of the biological process of fertilization, 
which cannot be fitted into the cytogenetic pat- 
tern invented by the Morganists. 

We have already noted above that fertiliza- 
tion, like every other process in the living or- 
ganism, is subject to the laws of assimilation and 
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dissimilation. The fusion of two sex cells is a 
process of assimilation, a process of mutual ab- 
sorption, as a result of which in place of two sex 
.cells (a male and a female) wWe obtain a third, a 
new cell) which we call zygote. The hybrid 
embryo obtained deviates more or less in the 
direction of the nature of the sex cell which in 
its own way assimilates its partner, so to speak, 
more than the latter assimilates it. If, for in- 
stance, both sex cells possess equal power of mutu- 
al assimilation (absorption) a zygotic (fertilized. 
cell) is cbtained which produces an organism 
with an approximately equal distribution of 
maternal and paternal properties and characters. 
If the power of assimilation of one of the sexual 
components predominates, the hybrid obtained 
exhibits greater deviation in the direction of this 
parent, to the point of the complete absorption 
of the hereditary properties of the other. 

On this basis it becomes possible, when cross- 
ing plant forms, to mould the nature of hybrid 
embryos, causing them to deviate more or less 
in the direction of the maternal or paternal form. 
This should be borne in mind when it is neces- 
sary to transmit to the hybrid only a certain few 
properties (such as resistance to adverse climatic 
conditions). Michurin suggests in his works that 
in such cases one had better take the pollen 
from young plants, plants flowering for the first 
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time, whose nature has not yet become settled. 
Conversely, the flowers of the other component, 
to which it is desired to add only a few properties 
of the first parent,must be picked from a strong 
tree that has already {ruited several times, and 
they must be so placed on the branch that they 
pre assured of the best influx of nutrients. This 
will create the conditions for the Bredominance 
in the offspring of the properties of the one (the 
desired) variety and the considerable absorption 
- of the properties of the other. 

In a number of cases Michurin earnestly 
advises the choice of forms for crossing that are 
remote in regard to place (conditions) of origin 
not only from each other but also from the place 
(conditions) where the new variety will he 
formed. This is necessary when a cultivated varl- 
ety of southern origin yielding good fruits but 
unable to endure severe winter conditions is tak- 
en aS one of the parents, and it is desired to 
obtain a variety that bears good fruits and can 
resist severe conditions, If such a southern varie- 
ty is crossed with a frost-resistant local breed, 
which however yields inferior fruits, the condi- 
tions (climate, food, etc.) will promote, enhance 
the absorbing and assimilating capacity of the 
local variety’s sex cells aiid a rather undesirable 
hybrid will be obtained. In this case it is advis- 
able not to take parents (neither the hardy nor 
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the nonhardy) of local origin in order that the 
external conditions may in equal measure be 
relatively unsuitable—be averse to the develop- 
.ment of the properties of both’ components in the 
formation of the embryo. From such hybrid seeds 
it is easier to grow varieties that yield good- 
quality fruits and can withstand unfavourable 
conditions, provided the plants obtained fromm 
these seeds are skilfully trained. 

The sexual process of plants can be regulated 
It is possible to obtain hybrids which obviously . 
deviate in some measure or other in the direction 
of either parent. A hybrid generation can be bred 
that varies in only a minor degree. Not infire- 
quently hybrids are produced which from the first 
generation are practically stable and transmit 
this property through their seeds from generation 
to generation, 

It now becomes clear in what cases spatial or 
other isolation of crops of cross-pollinating 
plants from pollination by other varieties is abso- 
lutely necessary and in what cases -not. In all 
cases where the biological usefulness of a plant 
property conflicts with its economic usefulness, 
isolation of the seed plants of the variety in ques- 
tion during flowering from foreign pollen is es- 
sential. This is of particular importance, for 
instance, in the seed growing of garden and 
technical crops. Spatial*isolation during flower- 
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ang is an absolute requisite for plants like cab- 
bage, carrots, red beets, sugar beets, hemp and 
many others. On the other hand, in cases where 
the biological useflness of a character or prop- 
“erty coincides with its economic usefulness spatial 
isolation is not only not usefulpbut frequently even 
harmful. For example, wien hardiness of a 
particular variety of rye to severe wintering cot- 
ditions has to be increased, growing such rye 
near crops of other varieties will certainly be 
useful. On this account it will be advisable also 
in the case of self-pollinators of field cultures, 
whose hardiness and resistance to climatic inclem- 
encies frequently have to be increased, to cas- 
trate part of the plants when sowing these varie- 
ties and give them the opportunity of being fer- 
tilized electively by the pollen of other varieties 
sown alongside. 

By selecting the conditions which most effec- 
tively “humour” the plant (elective fertilization, 
superior agrotechnique, etc.) the breed properties 
of plants can slowly, gradually but continually 
be improved, perfected. 

By selecting the conditions which force a 
plant to abandon the fixed trend of its adaptabil- 
ity and thus destabilizing, abolishing the conserv- 
atism of its heredity (either by sharply chang- 
ing the conditions of cultivation or by enforced 
fertilization, especially in distant crosses) it is 
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possible in subsequent generations, by a propet 

choice of the conditions of training, rapidly to 

create new requirements of the plant, to create 

new breeds and varieties differing radically from 
the initial ones. | 

Regulation of x%environmental conditions, the 
conditions unde: which plant organisms live, 
makes .possiple directed change, the creatign of 
varieties possessing the heredity we desire, Hered- 
(fy ts the concentrate, as it were, of the environ- 
mental conditions assimilated by plant organ- 
isms in a series of preceding generations, 

By means of skilful hybridization, by the 
method of sexual conjugation of breeds, jt is 
possible at once to unite in one organism that 
which has been concentrated, assimilated and 
fixed in its passage from nonliving to living 
material by many generations. But no hybridiza- 
tion will produce the desired results unless the 
conditions are created which will promote the 
development of the characters which we want the 
newly-bred or improved variety to inherit. 

It must be remembered that nonliving nature 
is the prime source of living nature, The living 
-body builds itself from the environmental condi- 
tions and thereby changes itself. 
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